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Abstract 
 
Waterflooding for reservoirs with a complex geology where permeabilities in the major producing formation are varying from 
several milliDarcy to thousands milliDarcy (The Prudhoe oilfield, Alaska; Minas, Indonesia) is a not feasible method for 
enhanced oil recovery. Waterflooding in such types of reservoir variance very often result in a very low volumetric sweep 
efficiency since the injected water primarily goes through the most permeable layers of reservoir (Pritchett et al, 2003). In 
1997, two BP petroleum engineers, Harry Frampton and Jim Morgan developed a chemistry technology, known as Bright 
water®, in order to improve waterflood efficiency. The idea of the treatment is to divert injection water to the desired oil zones 
(Pritchett et al, 2003). 
In this study the Bright Water treatment was simulated on 2D and 3D simplified models having a pronounced thief zone 
(most permeable zone). The main purpose of the study was to investigate the optimization of the treatment, in particular, how 
sweep efficiency can be increased during waterflooding. The influences of such parameters as location of plug (expanded 
particles), size of plug and amount of permeability reduction of plugged zone on the treatment efficiency were investigated.  
The treatment was successfully applied on 2D and 3D models, using computer simulation (Eclipse). Results of study 
showed that improvements of the treatment are very affected by location of plug, size of plug and amount of permeability 
reduction. On the whole, optimised treatment showed very significant improvements in waterflooding. 
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Abstract 
 
Waterflooding for reservoirs with a complex geology where permeabilities in the major producing formation are varying from 
several milliDarcy to thousands milliDarcy (The Prudhoe oilfield, Alaska; Minas, Indonesia) is a not feasible method for 
enhanced oil recovery. Waterflooding in such types of reservoir variance very often yield to very low volumetric sweep 
efficiency which results in lowering oil recovery since the injected water primarily goes through the most permeable layers of 
reservoir. (Pritchett et al, 2003). In 1997, two BP petroleum engineers, Harry Frampton and Jim Morgan developed chemistry 
technology, known as Bright water, to improve waterflood efficiency. The idea of the treatment is to divert injection water to 
the desired oil zones (Pritchett et al, 2003). 
In this study the Bright water treatment was conducted on 2D and 3D simplified models having a pronounced thief zone 
(most permeable zone). The main purpose of the study was to investigate the optimization of the treatment, in particular, how 
sweep efficiency can be increased during waterflooding. The influences of such parameters as location of plug (expanded 
particles), size of plug and amount of permeability reduction of plugged zone on the treatment efficiency were investigated.  
The treatment was successfully applied on 2D and 3D models, using computer simulation (Eclipse). Results of the study 
showed that improvements of the treatment are very affected by location of plug, size of plug and amount of permeability 
reduction. On the whole, the optimised treatment showed very significant improvements in waterflooding. 
 
Introduction  
Maintaining proper water control in reservoirs with contrast permeability is a crucial process of waterflood management. 
Nowadays a large proportion of reservoirs are suffering from excessive water production, as example, statistically, in the 
World, an average three barrels of water are produced for each barrel of oil. (Seright et al, 2001) Most methods used to control 
waterflood conformance have proven to be only marginally effective (Husband et al, 2010). 
Many methods can be used to attack the problem of excessive water production, some of them work well in certain types 
of the problem but usually ineffective for other types. Generally these methods can be categorized as chemical and 
mechanical. Such conventional methods as cementing and mechanical devices can be implemented only to treat the easiest 
problems, (just to block the zone from where unwanted water goes to production well), relative permeability modifiers should 
not be used to treat more difficult problems (i.e., 3D coning, cusping, or channeling through strata and crossflow) (Seright et 
al, 2001). All previously described techniques of control water production do not affect on sweep efficiency as required, they 
focus only how to stop flowing of unwanted water from reservoir to production wells. The main disadvantage of these 
conformance control methods is that most of them require that well be shut in or partly shut in, which is unacceptable due to 
oil productivity losses. 
An Industry Consortium (BP, ChevronTexaco and Nalco) developed a novel treatment known as Bright Water® in order to 
overcome the limitations of typical conformance control methods (Husband et al, 2010). The goal of Bright Water® project is 
to improve oil recovery during waterflooding inreservoirs suffering from excessive water production. The Bright water 
treatment completely differs from previous gel treatment methods, since gel (particles) is pumped via injection wells. The idea 
of the method is based on improving sweep efficiency during waterflooding, not just to block the water production zones at 
production wells as in previous conformance control methods. The uniqueness of this method is that particles follow the same 
direction as water goes, thus the thief zone taking majority of water, takes mostly the chemicals as well. Thus, the thief zone is 
blocked. Moreover flow pattern of water is not altered at all, because these particles are very small and inert till only required 
conditions reached, also the high control of setting time and a deeper penetration into formation were observed. In order to 
implement the treatment no premixing or extra tankers are needed, chemicals just directly can be injected to water injection 
pipeline (Chang, 2008).  
Trials of a novel modification treatment of waterflood in Minas demonstrated that large volumes of the material can be 
pumped into the formation without raising the injection pressure or blocking the injection well bore. Bright water treatments 
were performed firstly in Indonesia in 2001, later in Alaska, the North Sea, Argentina and Brazil. All published trials 
(Ghaddab et al, 2010; Roussennac and Toschi, 2010; Husband et al, 2010; Mustoni et al, 2010; Ohms et al, 2009; Paez Yañez 
et al, 2007; Frampton et al, 2004) reported that treatments have been conducted successfully and showed increases in oil 
Imperial College 
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recovery. The Bright Water treatment from previous studies was established as feasible for the reservoirs with a big contrast in 
permeability, nevertheless there are limitations in the literature regarding the optimization of gel placement, in particular, 
appropriate time at which the treatment should start and lack of other information about BP approach. For example, it is still 
not well known which place within the most permeable zone in the reservoir is it best to locate the plug (expanded particles) 
with the aim to reach the better sweep efficiency, also based on what appropriate location should be determined and what time 
is the most appropriate for starting Bright water treatment during waterflooding. So far there have been no investigations about 
the sizes and shapes of the plug and how oil recovery depends on size and shape of plug.  
This paper investigates the optimization of the Bright water treatment, namely how sweep efficiency can be increased 
during waterflooding depending on gel (plug) placement, amount of rock permeability reduction of plugged zone and size of 
plug. In this paper will found out the most suitable place to settle expanded particles (plug) within thief zone (most permeable 
zone). Also, the paper will establish the influence of permeability reduction depending on location and size of plug on oil 
recovery.  
 
Bright Water®  
Fig. 1 demonstrates that injected water moves primarily to the thief zone, thus injected water cools down the most permeable 
zone faster and temperature gradient changes quicker within it.  Based on that trigger, (i.e. properties of the reservoir that 
differ between thief zone and the bulk of the rock (Pritchett et al, 2003)) BP, in 1996 developed treatment which is nowadays 
known as Bright Water® (a joint research project of industrial consortium BP, ChevronTexaco and Nalco company)  
The applicability of the Bright Water treatment (Pritchett et al, 2003) based on:  
1. Available movable oil reserves 
2. Early water breakthrough to high water cut 
3. Problem with high permeability contrast(permeability ration between thief zone and rest reservoir like 5:1) 
4. Porosity of highest permeable zone > 17% 
5. Permeability in thief zone > 100 mD 
6. Minimum reservoir fracturing 
7. Temperature front 37 °C (100 F) to 104 °C (220F) (Chang, 2008) 
8. Expected injector-producer transit time > 30 days 
9. Injector water salinity under 70,000 ppm 
Thermally activated particles are used during the process of waterflooding. The particles can propagate through the rock 
matrix till either the temperature rises enough, or enough time has passed at any given temperature, when those conditions are 
reached, the particles start to expand in diameter (Fig. 2 and Fig. 3) (“pop” rather like popcorn but slower) (Ohms et al, 2009) 
Extensive laboratory tests are necessary to select the appropriate material (thermally-activated particles). The first test is a 
bottle test based on viscosity measurement of candidates at temperature of interest. The second test is slim tube test; the 
purpose of this test is to measure development of resistance factor versus time at different temperatures and different material 
concentrations. The third test is a core test is performed to measure development of resistance factor at conditions closer to 
reservoir conditions (reservoir rock, reservoir temperature) (Roussennac and Toschi, 2010). Several polymer types may be 
produced which provide different swelling velocities at different time. Selection criteria based on the appropriate reaction 
grade depending on transit time (propagation time, plus popping time) (Ghaddab et al, 2010) 
 
 
Thermal trigger
Fig. 1 – Bright Water® is injected as a one-time batch together with injection water at concentration of ~1.5%. The treated batch will go 
mainly and further in the thief zone. As the batch is pushed deep in the reservoir, the polymer sees higher temperature and starts to 
expand. Once fully expanded, it stops moving and blocks the pore throats, hence diverting any subsequent water injection into other 
part of the reservoir. (Roussennac and Toschi, 2010) 
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 Fig. 2 –  Particle expansion  Fig. 3 – Fully expanded particles can reach size of 5 microns   
in diameter. Since thermally activated particles expanded they 
start to block pore throats 
 
Methodology 
2D and 3D simulation studies were conducted using simulator software (Eclipse 100) in order to investigate optimization of 
the Bright Water® treatment. The study was conducted on 2D and 3D reservoir models. 
The 2D grid contains 100×1×50 cells of dimensions 45×100×2(cubic feet). General physical properties of 2D reservoir 
model are described in Table 1. A 3D study was conducted on a slice of the reservoir which contains 779595 stb of oil; it 
permitted to run simulation on a 24-years long period, from 01/01/1983 to 23/08/2007, in average time of 30 minutes. The 
base case model is a regular grid which contains 30×30×40=36000 cells of dimensions 300×300×400(cubic feet). The 
reservoir model is an onshore sandstone reservoir covering 36,000,000 cubic feet with the top at the depth 1000 feet and the 
bottom of reservoir located at depth of 1400 feet.  It is a heterogeneous reservoir with average porosity of 25 % and rock 
permeability 50 mDarcy and 5 layers (50 feet) of the thief zone which locates at the centre along the reservoir with 
permeability 2000 mDarcy. Directional horizontal permeabilities are equal and vertical permeability is five times less than 
horizontal permeability. The reservoir was designed with two wells (one injector and one producer). The injector was 
completed over the whole interval (400 feet) on one side of the model; the producer also was completed over the whole 
interval on another side of model diagonally from the injector. The rate of 400 stb of water per day was injected into reservoir 
and the upper limit of production rate was also fixed by the value of 400 stb per day. It was continuous injection. The initial 
pressure at the depth of 1200 feet is 3000 Psia.  
 
Table 1 – General reservoir properties used in simulation    Table 2 – PVT properties 
Parameters 2D model 3D model  PVT Properties 2D model 3D model 
Porosity (%) 25 25 Oil API gravity 32 32 
Permeability of reservoir (mD) 50 50  Oil viscosity (cP) 1.16 1.16 
Thickness of reservoir (feet) 100 400  Oil formation volume factor (rb/stb) 1.05 1.05 
Permeability of thief zone (mD) 2000  2000  Oil phase pressure (Psia) 2800 2800 
Thickness of thief zone (feet) 20 50 Water formation volume factor 1.03 1.03 
NTG 1 1  Water viscosity (cP) 0.4 0.4 
Datum depth (feet) 1050 1200  
Pressure at datum depth (Psia) 3000 3000 
Injection wells 1 1 
Production wells 1 1 
  
The simulation models used a column of dead oil (i.e. there is no dissolved gas). The reservoir PVT fluid properties are 
provided in Table 2. The oil water contact was modeled as being far below the oil column to avoid transition zone. The Fig. 4 
demonstrates relative permeability curves which were used in simulation studies.  
 
 
Thermally-activated particles ( ~ 5 microns)
Pore
Pore throat 
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Fig. 4 – Matrix Relative permeability curves (for 2D and 3D models) 
     
Eclipse Launcher was used to simulate waterflood process. In all runs, it was assumed that injection and production stop 
when the average value of water cut reaches 90 %. Also 3D simulation runs were adapted so that an 18.3 °C injected water 
floods reservoir model with initial temperature 69.7 °C at the depth of 1200 feet (reservoir temperature gradient 0.035 °C/ft). 
In order to represent the Bright Water treatment as a one-time batch with injection water (conventional water flood) we used a 
special keyword (Restart) in the base case data file, by using this keyword it allowed us to include the necessary data (rock 
permeability of different plugs depending on its locations and sizes) into simulation runs at any required time without 
interrupting simulation runs. Before implementing the Bright water treatment in our simulations, we properly studied 
conventional water flood process in order to establish which reservoir zones in the model were less swept.  
Initially, from the beginning of the study three main plug locations: closer to injector, closer to producer and at the middle 
of thief zone were establish as required to be investigated. Results of conventional water flooding from 3D model showed that 
injected water went primarily to the most permeable zones (thief zone), thus cools down those zones much quicker rather than 
rest reservoir zones. Based on that trigger (difference in temperature between thief zone and rest reservoir zones) and also 
water saturation the targeted locations of plug (Fig. 6, Fig. 7 and Fig. 8) and corresponding shapes of plug were determined. 
The idea of putting locations and determining sizes was to keep symmetrical and geometrical equilibrium between all cases. 
 Different permeability reductions were conducted on the zones which were determined as zones of plug location. The 
sizes of plugs were increased by changing temperature difference, the wider range of temperature difference between thief 
zones and surrounding reservoir zones the bigger size of plug (expanded particles). Water saturation within thief zone was also 
accounted for the location and size of plugs. The normal and bigger-size plugs are shown in Fig. 6, Fig. 7 and Fig. 8.    
There were no observations on temperature difference in 2D model, water saturation distribution served as a main indicator 
for location and shape of plug (Fig.5) The method of implementing the Bright Water treatment used in 2D was the same with 
3D (described previously).  
 
 
Fig. 5 – The picture illustrates locations of plug based on results of conventional waterflooding. 2D model 
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Fig. 6 – Plug located within the thief zone closer to the injector. 3D model. Normal size of the plug (left) and bigger size of the plug 
(right) 
 
Fig. 7 – Plug located at the middle of the thief zone between wells. Normal size of the plug (left) and bigger size of the plug (right) 
 
Fig. 8 – Plug located within the thief zone closer to the producer. 3D model. Normal size of the plug (left) and bigger size of the plug 
(right) 
 
 
 
Sensitivity Analysis 
In order to optimise 3D model of base case simulations with various parameters were run. Table 3 provides parameters 
influences of which were studied during simulation runs. 
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Table 3 Simulation parameters used in sensitivity study 
Parameters Range 
Thief zone thickness (feet) 50-160 
Grid size (cubic feet) 125-800 
Ratio Kv/Kh 0.05-1 
Injection rate (stb/day) 200-600 
 
From simulation results (Fig. 9) we may conclude that less oil is recovered from the reservoir which has a thin and more 
permeable thief zone (permeability of thief zone 2000 mDarcy) rather than  more thicker and impermeable one (permeability 
of thief zone 625 mDarcy). Permeability thickness for all runs stayed the same (100000 mD×ft). The model with most severe 
thief zone was defined as most appropriate for the base case investigating the impact of a “Bright Water” treatment. 
To avoid numerical dispersion effects 3D model was sensitized. The following model dimensions have been observed: 
1) 15×15×20 (large cells)   2) 30×30×40 (medium cells)   3) 60×60×80 (tiny cells) 
To have more accurate results for further 3D Bright water simulation studies, 3D model with medium size of cells was 
selected since less numerical dispersion effects were observed thus better optimized recovery was obtained (Fig. 10). Model 
with dimensions 60×60×80 was rejected since simulation runs took more than one hour, though there was no significant 
difference in results. 
 
 
Fig. 9 – Sensitivity analysis on various 
thicknesses of thief zone 
Fig. 10 – Sensitivity analysis on grid sizes  
The recovery factor was extremely sensitive to a change in injection rate. The range 200-600 barrels showed 15% 
difference in oil recovery (Fig. 11). Some analogue studies were conducted from which was decided to choose rate of 400 
stock tank barrels per day as a most appropriate.   
Ratio Kv/Kh has very little impact on oil recovery factor (Fig. 12). The ratio equals 0.2 was used for further runs (Kv of 
thief zone is 2000 mD; Kv for the rest reservoir is 50)  
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Fig. 11 – Sensitivity analysis on water injection rates Fig. 12 –  Sensitivity analysis on various Kv/Kh ration 
 
Results and analysis  
 
2D Model 
2D-model clearly demonstrates how quickly water breaks through via the thief zone after starting waterflooding process thus 
not sweeping targeted zones with high oil saturation (Fig. 13). Results from simulation (Table 4) shows that a lot of oil 
(approximately 50 % of STOIIP) remains in place when water cut reaches the value (90%). Based on results obtained from the 
study of conventional waterflooding we defined two plug locations : closer to injector and closer to producer (place within 
thief zone which was not swept by conventional waterflooding Fig.8), the necessary permeability reductions were conducted 
in targeted plug locations in order to divert chase water to highly oil saturated zones, thus to increase oil recovery.   
Fig. 13 demonstrates different increases in oil recovery depending on the plug locations. The difference in recovery factor 
can be explained is that in one of the two cases the plug caused diverting chase water to poor oil saturated zones or to the 
zones which can be easily swept by conventional waterflooding without presence of plug. From Fig. 8 and Fig.13 is clear that 
it is not appropriate way to locate plug closer to the injectior since the reservoir zones located closer to the injector can be 
swept by conventional waterflooding without presence of plug, whereas the zones located closer to the producer had not been 
even touched during waterflooding. The optimal location of plug was determined based on the simulation study of 
conventional waterflooding (Fig. 8). The idea of identifying the “right” location for the plug within thief zone is based on 
diverting greater amount of chase water to the remote zones, which are highly oil saturated and not achievable for the 
conventional waterflooding. Table 4 quantifies the improvements reached in the 2D treatment.  
Ability of the plug to block fluid flow through the pores of matrix is a main idea of the Bright water® treatment. From the 
results of simulation study was established that the stronger thief zone was blocked by reduction in plug permeability the better 
sweep efficiency was obtained. The same reductions in permeability were conducted for both plugs located at different places, 
but, those reductions did not affect equally on oil recovery. For the plug located closer to the injector the improvements after 
permeability reduction were insignificant (Fig. 15), whereas for the plug located closer to the producer the improvements were 
more significant (Fig. 16). The study showed that generally plug with the better ability to block the pores of matrix can divert 
the larger amount of chase water in spite of plug location, thus sweep efficiency increases and water breakthrough delays.   
One of the identifications that plug took “right” place is a pressure rising at injector and a pressure losing at producer. 
Based on pressure rising at injector, obtained from simulation studies, the necessary plug permeability can be suggested for 
any given locations in real life in order to not exceed reservoir fracture pressure.  
Size of plug also was examined as a one of the parameters which can increase sweep efficiency. Simulation runs showed 
that the bigger size of plug the better sweep efficiency, since for the injected water it is difficult to penetrate through the large 
plug and it takes longer time than for the small plug, therefore chase water tries to bypass plugged zone, thus sweep efficiency 
increases. Size of plug in Bright water treatment is primary controlled by time and temperature; therefore appropriate 
laboratory testing is necessary in order to design certain thermally activated particles which will be sensitive to a wide range of 
time and temperature with the aim to increase size of plug under reservoir condition. 
Different times of starting Bright water treatment as a one-time batch with water injection were observed, and the results 
from simulation study showed (Fig. 17 and Fig. 18) that the method is maximum beneficial when used as a secondary 
recovery technique (starts as soon as conventional wateflooding starts) and not as tertiary recovery method. Again, different 
rises in oil recovery factor were noticed for the two plug locations. 
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Ideally, when the Bright water treatment starts after 3 months of waterflooding, when plug settles at the optimal location 
within the thief zone (closer to the producer), moreover this plug has very strong ability to block water flow through the matrix 
( plug permeability 50 mD), the improvement in oil recovery from conventional waterflood can be up to 10% (Fig. 19) 
 
Conventional waterflood 
 
Plug closer to injector 
 
Plug closer to producer 
 
 
 
 
Fig. 13 – The picture illustrates different types of treatment: conventional waterflood (the first column), Bright Water treatment with 
located plug closer to injector (the second column) and closer to producer (the third column). Table 4 quantifies the results from 
these treatments. 
 
Table 4 – Results from 2D treatments  
Characteristics of  
treatment 
Conventional 
waterflood 
Bright water treatment (plug settled 
closer to injector after 6 months of 
CWF) 
Bright water treatment (plug 
settled closer to producer after 6 
months of CWF) 
Number of case 1 2 3 4 1 2 3 4 1 2 3 4 
PVI 0.2 1 1.5 1.9 0.2 1 1.5 1.9 0.2 1 1.5 1.9 
RF (%) 18.8 35 44.3 49 20.5 44 53 58 19 47 56 60 
Time (months) 15 75 120 150 15 75 120 150 15 75 120 150 
Water cut (%) 73.5 85.3 87.4 88.6 27.8 86.4 88.7 90.1 68.7 84.4 90 92 
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Fig. 14 – Recovery factor against PVI (different locations of plug: 
closer to injector, closer to producer) 
Fig. 15 – Recovery factor against PVI (plug located closer to 
injector with different permeabilities) 
 
 
Fig. 16 – Recovery factor against PVI (plug located closer to 
producer with different permeabilities) 
Fig. 17 – Recovery factor against PVI (plug located closer to 
injector with permeability 50 mD at different times) 
 
 
Fig. 18 – Recovery factor against PVI (plug located closer to 
producer with permeability 50 mD at different times) 
Fig. 19 – Recovery factor against PVI (conventional waterflood 
and Bright water treatment) 
 
 
3D model 
Results from numerical simulation showed that in the base case model the thief zone was swept after 15 months of 
waterflooding, whereas significant amount of oil (70% of STOIIP) was still in place after 5 years of the treatment. Field water 
cut reached value of 90% after 13 years (equivalent 1.6 PVI) of continuous injection. Recovery factor from the reservoir model 
of base case can reach only 53% since most of injected water preferentially goes through the thief zone and water does not 
sweep rest reservoir zones. 
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 Fig. 20 – 3D model of reservoir Fig. 21 – The picture illustrates how water distributes within the 
thief zone during waterflooding. (Top view) 
The Fig. 17 and Fig. 18 clear demonstrate how water breaks through the reservoir channel to the production well. 
Waterflooding in reservoirs with a large permeability variance yields to lower sweep efficiency (Paez Yañez et al, 2007).  
This paper will study the optimization of the Bright Water® treatment on representative 3D model with an apparent thief 
zone in the middle of reservoir, in particular, how volumetric sweep efficiency can be improved depending on location of plug, 
rock permeability reduction and size of plugged zone.  
Location of plug. Location of plug within thief zone is one of the crucial factors, which was studied in this paper. 
Simulation results showed that better location for the plug to settle within thief zone is closer to injector (Fig. 22). Recovery 
factor in the case when plug “sits” closer to the injection well is significantly higher than plug “sits” closer to the production 
well. The Fig. 22 illustrates 8% difference in recovery factor between cases when plug locates at the beginning and at the end 
of thief zone. It was already mentioned in 2D study that the early process of the Bright water treatment starts as a one-time 
batch with waterflooding the higher oil recovery. As was established from 3D simulation results, time of starting treatment has 
very miserable impact on recovery factor for plug located closer to the producer, because water very easily breaks through the 
plug to production well at any given time, thus does not sweep the rest zones of the reservoir (Fig.23). However, the time of 
starting treatment affects more on oil recovery when plug settles closer to the injector rather than closer to the producer. Fig. 
24 illustrates that difference in 15 months between treatments can be a reason of 2% difference in oil recovery.  It is very 
significant for large reservoirs, in our case 2% of recovery factor is approximately 20,000 barrels.  
 
 
 
Fig. 22 – Recovery factor against PVI (different locations of plug: closer to the  injector, at the middle of the TZ; closer to the 
producer) 
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Fig. 23 – Recovery factor against PVI (plug settles closer to the 
producerl after 5 and 20 months of waterflooding) 
Fig. 24 – Recovery factor against PVI (plug settles closer to 
the injector after 5 and 20 months of waterflooding ) 
 
 
Permeability reduction. The ability of plug to block water flow through thief zones of reservoir is the main target of the 
process of conformance control.  Plugs of different abilities to block pores of rock were investigated.  
From the simulation results was established that there is very small improvement in oil recovery from base case when the 
plug located closer to the injector reduces permeability of plugged zone from 2000 mD to 1000 mD (permeability of thief zone 
2000 mD). From the obtained results we can conclude that plug with permeability 1000 mD located closer to the injector 
cannot improve sweep efficiency at all.  
The difference in oil recovery factor becomes considerable when the plug located closer to the injector reduces rock 
permeability of plugged zone is to 1/10 of its original permeability, (Fig. 25 and Fig. 26) however, it is not always. From 
simulation studies was determined that up to 11% difference in ultimate oil recovery (Fig. 25) could be between cases when 
located closer to the injector plug has different abilities to reduce rock permeability. Very significant improvements from base 
case were noticed when located closer to the injector plug reduced rock permeability of plugged zone to less than 50 mD (Fig. 
26). 
  In the cases when the located closer to producer plug reduces rock permeability of plugged zone up to 1/5  of its original 
permeability oil recovery does not change much. When the rock permeability of plugged zone was reduced from 1000 to 50 
mD and then from 50 mD to 10 mD, there was no difference in oil recovery between these two cases, moreover only 3 % 
improvement in oil recovery from base case was observed (Fig. 27 and Fig. 28). From the further simulation studies was 
noticed that if plug settles in an inappropriate location regardless of reduction in permeability there would not be significant 
improvements from base case  
Fig. 29 and Fig. 30 demonstrate the improvements from permeability reduction for the plug located at the middle of thief 
zone. Generally, can be concluded that improvements from the plug, which located at the middle of thief zone and which 
reduced same amount of rock permeability as others did, are less significant than for the plug located closer to the injector, 
however is much more higher compared with the plug located closer to the producer.     
 
 
Fig. 25 – Recovery factor against PVI ( plug located closer to  
injector with permeabilities 1000, 200 and 50 mD respectively)  
Fig. 26 – Recovery factor against PVI (plug located closer to 
injector with permeabilities 50, 30 and 10 resperctively) 
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Fig. 27 – Recovery factor against PVI (plug located closer to 
 the producer withpermeabilities 1000,200 and 50 mD respectively) 
Fig. 28 – Recovery factor against PVI (plug located closer to the 
producer with permeabilities 10,30 and 50 mD respectively) 
 
 
Fig. 29 – Recovery factor against PVI ( plug located at the middle  
of  the thief zone with permeabilities 1000, 200 and 50 mD) 
Fig. 30 – Recovery factor against PVI ( plug located at the 
middle of the thief zone with permeabilities 50, 30 and 10 mD) 
 
Size of plugged zone. Size of plugged zone is a parameter of primary importance in the process of conformance control. 
Oil recovery is very affected by the size of the plugged zone, the bigger size of plugged zone the better sweep efficiency. From 
all results was noticed that size of plugged zone influences on oil recovery very significantly only when rock permeability of 
this zone is considerably low. However, location of plug again has a significant impact on oil recovery even for bigger size 
plugs.  
Study of plugged zone was conducted on different plug locations and different permeabilities of plugs. Three main 
locations were observed: closer to injector, closer to producer and at the middle of thief zone. Permeabilities of plugs were 
varied from 1000 mD to 50 mD. Also, the study of size of plugged zone was conducted at early times of the treatment. 
This study will summarize effectiveness of size of plugged zone in oil recovery in cooperation with the three parameters: 
plug location, permeability reduction and time of starting the treatment. Results from numerical simulations showed that 
change of size of the plug located closer to producer (PLCP) caused very significant improvements in oil recovery. Fig. 32 
showed that there is no difference in oil recovery between bigger size PLCP and normal size PLCP with permeabilities 1000 
mD for both (Fig. 32), moreover plugs with these parameters have the same effectiveness in oil recovery as base case. 
However, if that plugs (bigger size PLCP and normal size PLCP) have permeabilities 50 mD and less, for the same pore 
volume injected bigger size PLCP produced 90000 stb (or 9% RF) more than normal size PLCP (Fig. 32). As previously 
(section Location of plug) was mentioned that if plug takes an inappropriate location (in our 3D study it is PLCP) the sweep 
efficiency could not be increased significantly. However, as study of size of plug zone and study of permeability reduction 
show sweep efficiency can be increased significantly if the treatment is conducted with PLCP of bigger size and permeability 
less than 50 mD.   
 Results of simulation showed that oil recovery of bigger size plug located closer to injector (PLCI) (Fig.33) does not differ 
much from normal size of PLCI. Possibly, oil recovery and sweep efficiency of PLCI are very affected only by permeability 
reduction, however it also possible that size of increased plug was not increased enough. For the plug located at the middle of 
thief zone the change in plug size caused considerable improvements in oil recovery (Fig. 34)  
Finally, from all simulation studies can be concluded that location of plug is a primary importance parameter in the Bright 
water treatment. Since all subsequent improvements of plug parameters will strongly depend on plug location. Therefore it is 
strongly recommended to start modeling of the treatment for real reservoirs from identification of an appropriate plug location. 
There were no significant pressure changes during all 3D treatments. More details are available in appendix B.         
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Fig. 32  – Recovery factor against PVI (plug located closer to the 
producer with different permeabilities and different sizes) 
Fig. 33 – Recovery factor against PVI (plug located closer to the 
injector with different permeabilities and different sizes) 
 
 
Fig. 34 – Recovery factor against PVI (plug located at the middle of the thief zone with different permeabilities and different sizes) 
 
Discussion and recommendations 
The simulation study has been conducted to predict oil gain associated with the treatment known as Bright water treatment. In 
this study was observed a wide range of increase in recovery factor depending on location of gel, plug size and amount of 
permeability reduction. This suggests that gel treatments can be significantly improved if supported by reservoir simulation 
study.  
In this study representative reservoir model was used for easier understanding the concept of the Bright Water treatment, 
very clear difference in permeabilities between the thief zone and rest reservoir model was used, whereas for real oil fields, 
reservoir geology is much more complex , thus it requires much more observations and simulation studies before the treatment 
will be implemented. Therefore, to use more realistic reservoir models may be recommended for the further researches, since 
the Bright water treatment showed very significant improvements in oil recovery on simplified model.  
Results also suggest that further refining the Bright Water technology to better control gel placement may be worthwhile, 
in particular, at mature stages of waterflooding, since lower reservoir temperatures at those stages cause problems of gel 
placements. To look at relative permeability can be also suggested for the future studies 
 
Conclusions 
The Bright Water treatment study on 2D and 3D representative models, using simulation software, was evaluated and found to 
be applicable and of potential benefit. By varying such parameters as plug location (expanded particles), size of plug, amount 
of permeability reduction, and time of starting treatment, the treatment was sensitized in order to establish the amount of 
impact of those parameters on waterflood conformance control, in particular, to observe improvements in sweep efficiency and 
oil recovery. From the results of 2D and 3D studies, both reservoir models had clearly been positively affected by the Bright 
Water treatment.  
Conclusions reached from 2D study: 
1. Before implementing the treatment, is necessary to examine the conventional waterflood, in particular, its ability to 
sweep reservoir zones and flow behavior along thief zone(shape, transit time) 
2. Based on observation of conventional waterflood, optimal location for the particles to be expanded (plug) can be 
clearly identified as being near producer 
Conclusions reached from 3D study: 
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3. From priorities, location of plug (expanded particles) within thief zone is the first thing which should be identified 
correctly since effectiveness of the treatment will depend preferentially from this parameter. 
a. If the particles take place as a plug at the optimal place within thief zone, but size of this plug is relatively 
small and ability of the plug to reduce rock permeability less than 10 times of its original permeability (2000 
mD), up to 5% of oil recovery improvement from base case was determined. 
b. In case when plug settles at the optimal location within thief zone and size of this plug is relatively bigger 
than in case 3.a and the plug has ability to reduce rock permeability up to 10 mD, around 20 % of oil recovery 
improvement from the base case was observed. 
4. Size of plug and amount of permeability reduction of this plug significantly affect on sweep efficiency and as a result 
on oil recovery, however in case when plug settles at not targeted place (“wrong” place) these parameters become less 
affecting on oil recovery. 
5. From simulation results was established that as soon as Bright Water® treatment starts as a one-time batch with 
waterflooding the quicker and higher amount of oil can be recovered from reservoir. 
6. There are no big pressure changes during the Bright Water treatment. 
 
 
 
Nomenclature 
 
CWF = Conventional waterflooding  
PLCI = Plug located closer to injector 
 PLCP =Plug located closer to producer  
Stb = Stock tank barrels  
𝑆𝑇𝑂𝐼𝐼𝑃 = Stock Tank Oil Initially in Place 
TZ = Thief zone 
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Appendix A 
A.1 MILESTONES IN BRIGHT WATER® TREATMENT 
A.2 CRITICAL LITERATURE REVIEW  
 
 
“AN INVESTIGATION OF BRIGHT WATER® TREAMENT 
 
A.1 MILESTONES IN BRIGHT WATER® TREATMENT 
 
Table – A.1 MILESTONES IN BRIGHT WATER® TREATMENT 
SPE paper 
No 
Year Title Authors Contribution 
84897 
 
2003 Field Application of a New 
In-Depth Waterflood 
Conformance Improvement 
Tool 
 
Pritchett J., Frampton H., 
Brinkman J., Cheung S., Morgan 
J., Chang K.T., Williams D., 
Goodgame J. 
Pioneer paper which 
discuss the concept of 
Bright water® and reports 
some results from first 
implementation in the 
Minas field. 
 
89391 
 
2004 Development of a Novel 
Waterflood Conformance 
Control System 
Frampton H., Morgan J., Cheung 
S. K., Munson L., Chang K. T., 
Williams D. 
Paper showed results of the 
development and laboratory 
testing of a system based on 
the expansion of thermally 
sensitive particles 
107923 
 
2007 New Attempt in Improving 
Sweep Efficiency at the 
Mature Koluel Kaike and 
Piedra Clavada 
Waterflooding Projects of 
the S.Jorge Basin in 
Argentina 
Paez Yañez P. A., Mustoni J. L., 
Relling M. F., Chang K.T., 
Hopkinson P., Frampton H. 
Paper provides the details 
of the diversion system, 
resulting in commercially 
significant incremental oil 
from a BP Alaskan field 
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A.2 BRIGHT WATER® TREATMENT 
 
SPE 84897(2003) 
Field Application of a New In-Depth Waterflood Conformance Improvement  
 
Author(s): 
 J. Pritchett, H. Frampton, J. Brinkman, S. Cheung, J. Morgan, K.T. Chang, D. Williams, J. Goodgame. 
Contribution to the understanding of conformance control by permeability: 
Pioneer paper which discuss the concept of Bright water® and reports some results from first 
implementation in the Minas field. 
 
Objective of the paper: 
To present a case history in which a novel profile modification treatment known as Bright water® was 
pumped in the Minas waterflood. 
 
Methodology used: 
From laboratory study prototype materials were screened using bottle test and slim tube sand packs 
designed to model the propagation of the particles through the reservoir rock. The ultrasonic bath was 
used to simulate the individual particles dispersed in water by field equipment. After selecting a good 
material –candidate, injector-producer connections were further determined using pressure pulse test, 
from the pulse test the selection of well pattern was defined, finally tracer test was run to determine the 
direction of flow. 
 
Conclusions reached: 
1. The polymer was pumped at low viscosity, about twice that of water at the same temperature. 
2. The polymer was successfully displaced a significant distance from the wellbore. 
3. No polymer was produced in the offset wells and tracer survey indicated flow directions were 
altered. 
4. Pumping was trouble free in the Minas and in the simplified North Sea field trial. 
 
Comments: 
Paper fully describes the first field application of a new in-depth waterflood conformance improvement.  
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SPE 89391(2004) 
Development of a novel waterflood conformance control system 
 
Author(s): 
H. Frampton, J. C. Morgan, S. K. Cheung, L. Munson, K. T. Chang, D. Williams 
Contribution to the understanding of conformance control by permeability: 
Various material compositions were tested based on particle sizes, breakthrough times, injection rates and 
residual resistant factors. The laboratory data obtained in support of the trial allowed planning decision to 
be made. 
Objective of the paper: 
To present results on the development and laboratory testing of a system based on the expansion of 
thermally sensitive particles which can be used to cause a blocking effect at the temperature transition in 
an oil reservoir. 
Methodology used: 
Slim tube test was used to observe the propagation of particles since after a significant time the particles 
start to expand. Particle size distributions for the Bright Water kernel particles were measured using a 
Malvern Instruments Mastersizer E 
Particle injectivity test was conducted to avoid possible “near wellbore” damage. Kernel particle swelling 
and filtration test were used to reach desirable viscosity of treated water and optimum level of inverting 
surfactant correspondingly. The bottle test was used since it gives very good indication of particles 
expansion under given conditions. 
Conclusions reached: 
1. The Bright Water kernel particles could be injected into packs and cores of permeability 
between 124 and 3400 mD. 
2. The particles could be popped on heating and give rise to a build up viscosity in bottle test. 
3. The resistant factor/residual resistant factor achieved was dependant on the particle 
concentration and the porous medium studied. 
4. The data gathered in the laboratory tests could be used to design the treatment in the field.  
Comments: 
Paper clear explains all the tests and their results which are necessary the appropriate 
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SPE 121761(2009) 
 
Incremental Oil success From Waterflood Sweep Improvement in Alaska 
Author(s): 
P. A. Paez Yañez, J. L. Mustoni, M. F. Relling, K.T. Chang, P. Hopkinson, H. Frampton  
Contribution to the understanding of conformance control by permeability: 
When thief zone or channels are in contact with lower permeability, less efficiently swept zones in-depth 
block is needed to achieve commercial oil recovery. 
Objective of the paper: 
To give an introduction to the nature of a novel heat-activated polymer particle and present the details of 
the diversion system, resulting in commercially significant incremental oil from a BP Alaskan field. 
Methodology used: 
Pressure fall off analysis and injectivity tests were used to confirm the deep placement of expanded 
particles and observe changes in the reservoir pressure, permeability thickness, and well bore skin. The 
treatment design was based on the characteristics of thief zone in comparison with the guidelines derived 
from simulation and laboratory test results. 
Conclusions reached: 
1. Thermally reactive particulate agent for in-depth waterflood sweep improvement confirmed that 
reagents could be successfully supplied to a remote oilfield, handled and injected. 
2.  The in-depth modification of waterflood sweep using the thermally reactive particulate system 
can be used to produce incremental oil at the commercially attractive price compared with 
traditional well workovers. 
3. The quantity of oil recovered to certain date has exceeded the minimum estimated from the pre-
treatment simulation.  
Comments: the Bright water® treatment shows very significant improvement in oil recovery.  
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Fig. B.1 – Pressure against Time. Plug located closer to the injector after 5 months of waterflooding with different sizes and 
permeabilities 
 
Fig. B.2 – Pressure against Time. Plug located closer to the injector after 50 months of waterflooding with different sizes and 
permeabilities 
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Fig. B.3 – Pressure against Time. Plug located at the middle of thief zone after 5 months of waterflooding with different sizes and 
permeabilities 
 
Fig. B.4 – Pressure against Time. Plug located at the middle of thief zone after 50 months of waterflooding with different sizes and 
permeabilities 
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Fig. B.5 – Pressure against Time. Plug located closer to the producer after 5 months of waterflooding with different sizes and 
permeabilities 
 
Fig. B.6 – Pressure against Time. Plug located closer to the producer after 50 months of waterflooding with different sizes and 
permeabilities 
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-- Base case Data file-- 
 
RUNSPEC 
TITLE 
XSECTION PROBLEM 
 
DIMENS 
   30    30   40  / 
 
 
 
OIL 
 
WATER 
 
FIELD 
 
--The maximum number of wells in the model 
--The maximum number of connections per well (that is the maximum number of grid blocks connected to any one well) 
--The maximum number of groups in the model 
--The maximum number of wells in any one group (or child groups in a group; keyword GRUPTREE) 
 
TEMP 
 
WELLDIMS 
    2   100    2    1 / 
 
 
START 
   1 'JAN' 1983  / 
 
NSTACK 
   100 / 
 
--The GRID section determines the basic geometry of the simulation grid and various rock 
--properties (porosity, absolute permeability, net-to-gross ratios) in each grid cell. From this 
--information, the program calculates the grid block pore volumes, mid-point depths and interblock 
--transmissibilities 
 
GRID 
 
RPTGRID  
THCONR  TRTHERM / 
 
--The INIT file contains a summary of data entered in the GRID, PROPS and REGIONS sections. 
--If this keyword is included in the GRID section, the program writes out an Initial Data file, 
--containing grid properties and saturation table data, which can be read into the graphics 
--packages 
 
INIT 
 
--This keyword is used to assign or replace the value of a property for a box of cells within the 
--grid. 
 
EQUALS 
 
'DX'   10     1 30 1 30 1 30 / 
'DY'   10     1 30 1 30 1 40 / 
'DZ'   10     1 30 1 30 1 40 /   
Conformance Control by Permeability and Relative Permeability  26 
'PORO' 0.15   1 30 1 30 1 40 / 
'PERMX' 50    1 30 1 30 1 40 / 
'PERMX' 2000  1 30 1 30 18 22 / 
'TOPS' 1000   1 30 1 30 1 1 / 
 
/ 
COPY 
'PERMX'  'PERMY' / 
'PERMX'  'PERMZ' / 
/ 
MULTIPLY 
'PERMZ' 0.2 / 
/ 
 
--The PROPS section of the input data contains pressure and saturation dependent properties of 
--the reservoir fluids and rocks. 
 
PROPS 
--The reference pressure (Pref) for items 2 and 4. 
--The water formation volume factor at the reference pressure, Bw(Pref) 
--The water compressibility 
--The water viscosity at the reference pressure 
--The water “viscosibility” 
 
PVTW       1 TABLES   20 P NODES   20 R NODES    FIELD   14:57  1 NOV 88 
 4000.0000   1.03000   .3000E-05    .40000     .00E+00 / 
 
 
--The reference pressure (Pref). 
--The rock compressibility 
 
 
ROCK       1 TABLES   20 P NODES   20 R NODES    FIELD   14:58  1 NOV 88 
 4000.00      .3500E-05 / 
 
 
SPECROCK 
0.0 25.0 
300.0 25.0 
/ 
0.0 27.0 
300.0 27.0 
/ 
 
 
 
SPECHEAT 
0.0 0.5 1.5 0.5 
300.0 0.5 1.5 0.5 
/ 
 
--PVT properties of dead oil (no dissolved gas) 
--Column 1 The oil phase pressure 
--Column 2 The corresponding oil formation volume factor 
--Column 3 The corresponding oil viscosity. 
 
PVDO       1 TABLES   20 P NODES   20 R NODES    FIELD   14:58  1 NOV 88 
 
400 1.11 1.16 
800 1.1 1.16 
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1200 1.09 1.16 
1600 1.08 1.16 
2000 1.07 1.16 
2400 1.06 1.16 
2800 1.05 1.16 
3200 1.04 1.16 
3600 1.03 1.16 
4000 1.02 1.16 
4400 1.01 1.16 
4800 1 1.16 
5200 0.99 1.16 
5600 0.98 1.16 
6000 0.97 1.16 
  
 
/ 
 
 
 
 
 
 
 
  
 
 
 
 
GRAVITY    1 TABLES   20 P NODES   20 R NODES    FIELD   15:01  1 NOV 88 
 32.0000  1.05000   .70000 / 
 
--RSCONST                                          FIELD   15:01  1 NOV 88 
-- .6560000   2500.0000   / 
 
 
SWOF       1 TABLES   20 NODES IN EACH           FIELD   15:02  1 NOV 88 
--  Sw          Krw             Krow         Pcap 
    0.15 0         1.000000000   0             
    0.20        0.001775148     0.852071006   0 
    0.25 0.007100592 0.715976331   0 
    0.30 0.015976331 0.591715976   0 
    0.35 0.028402367 0.479289941   0 
    0.40 0.044378698 0.378698225   0 
    0.45 0.063905325 0.289940828   0 
    0.50 0.086982249 0.213017751   0 
    0.55 0.113609467 0.147928994   0 
    0.60 0.143786982 0.094674556   0 
    0.65 0.177514793 0.053254438   0 
    0.70 0.214792899 0.023668639   0 
    0.75 0.255621302 0.005917160   0 
    0.80 0.300000000 0.000000000   0 
/ 
 
SOLUTION 
 
EQUIL      1 TABLES   20 NODES IN EACH           FIELD   14:56  1 NOV 88 
--Equilibration data specification 
--1 Datum depth 
--2 Pressure at the datum depth 
--3 Depth of the water-oil contact 
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--4 Oil-water capillary pressure at the water-oil contact 
--5 Depth of the gas-oil contact 
--6 Gas-oil capillary pressure at the gas-oil contact 
  
1200.00 3000.00 2000.00  .00000  700  .00000     0      0      1* / 
 
 
RTEMPVD 
900  140 
1000 145 
1100 150 
1200 155 
1300 160 
1400 165 
1500 170 / 
 
RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' 'TEMP' / 
 
 
 
SUMMARY 
 
 
BTCNFHEA 1 30 1 30 1 40 
/ 
 
FTPCHEA 
/ 
FTICHEA 
/ 
FOE 
--Field (OIP(initial) - OIP(now)) / OIP(initial) 
FWPT 
--Field Water Production Total 
FOPT 
--Field Oil Production Total 
FOPR 
--Field Oil Production Rate 
FOIP 
--Field Oil In Place (in liquid and wet gas phases) 
FWIP 
--Field Water Injection Rate 
WOPR 
--Field Water In Place  
 
/ 
wwpr 
--Well Water Production Rate 
/ 
wwir 
--Well Water Injection Rate 
/ 
wbhp 
--Well Bottom Hole Pressure 
 
/ 
 
FWCT 
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--Field Water Cut 
 
WWCT 
--Well Water Cut  
/ 
 
FWIR 
--Field Water Injection Rate 
 
FVPR 
--Field Res Volume Production Rate 
 
FVIR 
--Field Res Volume Injection Rate 
 
FVIT 
--Res Volume Injection Total 
 
FVPT 
--Res Volume Production Total 
 
/ 
 
FTPCHEA 
WTPCHEA 
/ Production Temperature 
FTICHEA   
WTICHEA 
/ Injection Temperature 
FTPRHEA 
WTPRHEA 
/ Heat flows (Production) 
FTPTHEA   
WTPTHEA 
/ Heat Production Total 
FTIRHEA   
WTIRHEA  
/Heat flows (Injection) 
FTITHEA   
WTITHEA  
/Heat Injection Total 
FWSAT 
 
 
RUNSUM 
 
SCHEDULE 
 
RPTSCHED                                         FIELD   15:06  1 NOV 88 
   'PRES' 'SWAT' 'RESTART=2' 'FIP=1' 'WELLS=2' 'SUMMARY=2' 'CPU=2' 'WELSPECS'  
   'NEWTON=2' 'TEMP' 'FIPTEMP' 'FIPHEAT' / 
 
 
--The keyword introduces a new well, defining its name, the position of the wellhead, its bottom 
--hole reference depth and other specification data. 
 
--Well name 
--Name of the group to which the well belongs 
--I - location of well head or heel 
--J - location of well head or heel 
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--Reference depth for bottom hole pressure 
--Preferred phase for the well 
--Drainage radius for productivity/injectivity index calculation 
 
 
WELSPECS 
'p1      ','g       ',  1,  1,  1200   ,'OIL'  -1.000 / 
'i20     ','g       ', 30,  30,  1200   ,'WAT'  -1.000 / 
/ 
 
 
COMPDAT 
 
--Well completion specification data 
-- 7 Saturation table number for connection relative permeabilities 
-- 8 Transmissibility factor for the connection 
-- 9 Well bore diameter at the connection 
 
'p1      '  1*  1*   1  40 'OPEN'  1*    1*   .583 / 
'i20     '  1*  1*   1  40 'OPEN'  1*    1*   .583 / 
/ 
 
WTEMP 
i20 65.0 / 
/ 
 
 
WCONPROD 
--Control data for production wells 
-- 3  Control mode 
-- ORAT Controlled by oil rate target (Item 4) 
-- WRAT Controlled by water rate target (Item 5) 
-- GRAT Controlled by gas rate target (Item 6) 
-- LRAT Controlled by liquid rate target (Item 7) 
-- CRAT Controlled by linearly combined rate target (Item 19) 
-- RESV Controlled by reservoir fluid volume rate target (Item 8) 
-- BHP Controlled by BHP target (Item 9) 
-- THP Controlled by THP target (Item 10) 
-- 4 Oil rate target or upper limit 
-- 5 Water rate target or upper limit 
-- 6 Gas rate target or upper limit 
-- 7 Liquid rate target or upper limit. 
-- 8 Reservoir fluid volume rate target or upper limit 
-- 9 BHP target or lower limit                                         
 
'p1      ','OPEN','LRAT' 3*  400 1* 200    / 
  
/ 
 
 
WCONINJE     
--Control data for injection wells 
 
--4 Control mode 
-- RATE Controlled by surface flow rate target (Item 5) 
-- RESV Controlled by reservoir volume rate target (Item 6) 
-- BHP Controlled by BHP target (Item 7) 
-- THP Controlled by THP target (Item 8) 
-- 5 Surface flow rate target or upper limit. 
-- 6 Reservoir fluid volume rate target or upper limit. 
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-- 7 BHP target or upper limit 
-- 8 THP target or upper limit 
                                      
 
'i20     ','WAT','OPEN','RATE' 400 1* 4000         / 
/ 
 
 
 
TUNING 
 
 / 
 / 
30 1* 220 1*  / 
 
TSTEP                                             
 
300*30 
/ 
 
END 
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-- Plug located closer to the injector, restart after 5months of CWF, plug permeability 200 mD-- 
RUNSPEC 
TITLE 
XSECTION PROBLEM 
 
DIMENS 
   30    30   40  / 
 
 
 
OIL 
 
WATER 
 
FIELD 
 
--The maximum number of wells in the model 
--The maximum number of connections per well (that is the maximum number of grid blocks connected to any one well) 
--The maximum number of groups in the model 
--The maximum number of wells in any one group (or child groups in a group; keyword GRUPTREE) 
 
TEMP 
 
WELLDIMS 
    2   100    2    1 / 
 
 
START 
   1 'JAN' 1983  / 
 
NSTACK 
   120 / 
 
--The GRID section determines the basic geometry of the simulation grid and various rock 
--properties (porosity, absolute permeability, net-to-gross ratios) in each grid cell. From this 
--information, the program calculates the grid block pore volumes, mid-point depths and interblock 
--transmissibilities 
 
GRID 
 
RPTGRID  
THCONR  TRTHERM / 
 
--The INIT file contains a summary of data entered in the GRID, PROPS and REGIONS sections. 
--If this keyword is included in the GRID section, the program writes out an Initial Data file, 
--containing grid properties and saturation table data, which can be read into the graphics 
--packages 
 
INIT 
 
--This keyword is used to assign or replace the value of a property for a box of cells within the 
--grid. 
 
EQUALS 
'TOPS' 1000   1 30 1 30 1 1 / 
'DX'   10     1 30 1 30 1 30 / 
'DY'   10     1 30 1 30 1 40 / 
'DZ'   10     1 30 1 30 1 40 /   
'PORO' 0.15   1 30 1 30 1 40 / 
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'PERMX' 50    1 30 1 30 1 40 / 
'PERMX' 2000  1 30 1 30 18 22 / 
 
 
PERMX 200 29 30   21 21   18 18 / 
PERMX 200 27 30   22 22   18 18 / 
PERMX 200 25 30   23 23   18 18 / 
PERMX 200 24 28   24 24   18 18 / 
PERMX 200 23 26   25 25   18 18 / 
PERMX 200 23 25   26 26   18 18 / 
PERMX 200 22 24   27 27   18 18 / 
PERMX 200 22 24   28 28   18 18 / 
PERMX 200 21 23   29 29   18 18 / 
PERMX 200 21 23   30 30   18 18 / 
PERMX 200 30 30   20 20   19 19 / 
PERMX 200 27 30   21 21   19 19 / 
PERMX 200 25 30   22 22   19 19 / 
PERMX 200 24 28   23 23   19 19 / 
PERMX 200 23 26   24 24   19 19 / 
PERMX 200 22 25   25 25   19 19 / 
PERMX 200 22 24   26 26   19 19 / 
PERMX 200 21 23   27 27   19 19 / 
PERMX 200 21 23   28 28   19 19 / 
PERMX 200 21 22   29 29   19 19 / 
PERMX 200 20 22   30 30   19 19 / 
PERMX 200 28 30   20 20   20 20 / 
PERMX 200 26 30   21 21   20 20 / 
PERMX 200 25 30   22 22   20 20 / 
PERMX 200 23 27   23 23   20 20 / 
PERMX 200 23 26   24 24   20 20 / 
PERMX 200 22 24   25 25   20 20 / 
PERMX 200 21 24   26 26   20 20 / 
PERMX 200 21 23   27 27   20 20 / 
PERMX 200 20 22   28 28   20 20 / 
PERMX 200 20 22   29 29   20 20 / 
PERMX 200 20 22   30 30   20 20 / 
PERMX 200 30 30   19 19   21 21 / 
PERMX 200 27 30   20 20   21 21 / 
PERMX 200 25 30   21 21   21 21 / 
PERMX 200 24 29   22 22   21 21 / 
PERMX 200 23 26   23 23   21 21 / 
PERMX 200 22 25   24 24   21 21 / 
PERMX 200 21 24   25 25   21 21 / 
PERMX 200 21 23   26 26   21 21 / 
PERMX 200 20 22   27 27   21 21 / 
PERMX 200 20 22   28 28   21 21 / 
PERMX 200 20 22   29 29   21 21 / 
PERMX 200 19 21   30 30   21 21 / 
PERMX 200 30 30   18 18   22 22 / 
PERMX 200 27 30   19 19   22 22 / 
PERMX 200 25 30   20 20   22 22 / 
PERMX 200 24 29   21 21   22 22 / 
PERMX 200 22 26   22 22   22 22 / 
PERMX 200 22 24   23 23   22 22 / 
PERMX 200 21 23   24 24   22 22 / 
PERMX 200 20 22   25 25   22 22 / 
PERMX 200 20 22   26 26   22 22 / 
PERMX 200 19 21   27 27   22 22 / 
PERMX 200 19 21   28 28   22 22 / 
PERMX 200 19 21   29 29   22 22 / 
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PERMX 200 18 20   30 30   22 22 / 
 
 
 
 
 
 
/ 
COPY 
'PERMX'  'PERMY' / 
'PERMX'  'PERMZ' / 
/ 
MULTIPLY 
'PERMZ' 0.2 / 
/ 
 
--The PROPS section of the input data contains pressure and saturation dependent properties of 
--the reservoir fluids and rocks. 
 
PROPS 
--The reference pressure (Pref) for items 2 and 4. 
--The water formation volume factor at the reference pressure, Bw(Pref) 
--The water compressibility 
--The water viscosity at the reference pressure 
--The water “viscosibility” 
 
PVTW       1 TABLES   20 P NODES   20 R NODES    FIELD   14:57  1 NOV 88 
 4000.0000   1.03000   .3000E-05    .40000     .00E+00 / 
 
 
--The reference pressure (Pref). 
--The rock compressibility 
 
 
ROCK       1 TABLES   20 P NODES   20 R NODES    FIELD   14:58  1 NOV 88 
 4000.00      .3500E-05 / 
 
 
SPECROCK 
0.0 25.0 
300.0 25.0 
/ 
0.0 27.0 
300.0 27.0 
/ 
 
 
 
SPECHEAT 
0.0 0.5 1.5 0.5 
300.0 0.5 1.5 0.5 
/ 
 
--PVT properties of dead oil (no dissolved gas) 
--Column 1 The oil phase pressure 
--Column 2 The corresponding oil formation volume factor 
--Column 3 The corresponding oil viscosity. 
 
PVDO       1 TABLES   20 P NODES   20 R NODES    FIELD   14:58  1 NOV 88 
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400 1.11 1.16 
800 1.1 1.16 
1200 1.09 1.16 
1600 1.08 1.16 
2000 1.07 1.16 
2400 1.06 1.16 
2800 1.05 1.16 
3200 1.04 1.16 
3600 1.03 1.16 
4000 1.02 1.16 
4400 1.01 1.16 
4800 1 1.16 
5200 0.99 1.16 
5600 0.98 1.16 
6000 0.97 1.16 
  
 
/ 
 
 
 
 
 
 
 
  
 
 
 
 
GRAVITY    1 TABLES   20 P NODES   20 R NODES    FIELD   15:01  1 NOV 88 
 32.0000  1.05000   .70000 / 
 
--RSCONST                                          FIELD   15:01  1 NOV 88 
-- .6560000   2500.0000   / 
 
 
SWOF       1 TABLES   20 NODES IN EACH           FIELD   15:02  1 NOV 88 
--  Sw          Krw             Krow         Pcap 
    0.15 0         1.000000000   0             
    0.20        0.001775148     0.852071006   0 
    0.25 0.007100592 0.715976331   0 
    0.30 0.015976331 0.591715976   0 
    0.35 0.028402367 0.479289941   0 
    0.40 0.044378698 0.378698225   0 
    0.45 0.063905325 0.289940828   0 
    0.50 0.086982249 0.213017751   0 
    0.55 0.113609467 0.147928994   0 
    0.60 0.143786982 0.094674556   0 
    0.65 0.177514793 0.053254438   0 
    0.70 0.214792899 0.023668639   0 
    0.75 0.255621302 0.005917160   0 
    0.80 0.300000000 0.000000000   0 
/ 
 
SOLUTION 
 
--EQUIL      1 TABLES   20 NODES IN EACH           FIELD   14:56  1 NOV 88 
--Equilibration data specification 
--1 Datum depth 
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--2 Pressure at the datum depth 
--3 Depth of the water-oil contact 
--4 Oil-water capillary pressure at the water-oil contact 
--5 Depth of the gas-oil contact 
--6 Gas-oil capillary pressure at the gas-oil contact 
  
--1200.00 3000.00 2000.00  .00000  700  .00000     0      0      1* / 
 
 
--RTEMPVD 
--900  140 
--1000 145 
--1100 150 
--1200 155 
--1300 160 
--1400 165 
--1500 170 / 
 
--RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
--'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' / 
 
--RPTRST 
--BASIC=2 SWAT SOIL PRES / 
 
--RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
--'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' / 
 
RESTART 
rate 5 / 
 
RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' 'TEMP' / 
 
SUMMARY 
 
 
BTCNFHEA 1 30 1 30 1 40 
/ 
 
FTPCHEA 
/ 
FTICHEA 
/ 
FOE 
--Field (OIP(initial) - OIP(now)) / OIP(initial) 
FWPT 
--Field Water Production Total 
FOPT 
--Field Oil Production Total 
FOPR 
--Field Oil Production Rate 
FOIP 
--Field Oil In Place (in liquid and wet gas phases) 
FWIP 
--Field Water Injection Rate 
WOPR 
--Field Water In Place  
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/ 
wwpr 
--Well Water Production Rate 
/ 
wwir 
--Well Water Injection Rate 
/ 
wbhp 
--Well Bottom Hole Pressure 
 
/ 
 
FWCT 
--Field Water Cut 
 
WWCT 
--Well Water Cut  
/ 
 
FWIR 
--Field Water Injection Rate 
 
FVPR 
--Field Res Volume Production Rate 
 
FVIR 
--Field Res Volume Injection Rate 
 
FVIT 
--Res Volume Injection Total 
 
FVPT 
--Res Volume Production Total 
 
/ 
 
FTPCHEA 
WTPCHEA 
/ Production Temperature 
FTICHEA   
WTICHEA 
/ Injection Temperature 
FTPRHEA 
WTPRHEA 
/ Heat flows (Production) 
FTPTHEA   
WTPTHEA 
/ Heat Production Total 
FTIRHEA   
WTIRHEA  
/Heat flows (Injection) 
FTITHEA   
WTITHEA  
/Heat Injection Total 
FWSAT 
 
 
RUNSUM 
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SCHEDULE 
 
 
SKIPREST 
 
RPTSCHED                                         FIELD   15:06  1 NOV 88 
   'PRES' 'SWAT' 'RESTART=2' 'FIP=1' 'WELLS=2' 'SUMMARY=2' 'CPU=2' 'WELSPECS'  
   'NEWTON=2' 'TEMP' 'FIPTEMP' 'FIPHEAT' / 
 
 
--The keyword introduces a new well, defining its name, the position of the wellhead, its bottom 
--hole reference depth and other specification data. 
 
--Well name 
--Name of the group to which the well belongs 
--I - location of well head or heel 
--J - location of well head or heel 
--Reference depth for bottom hole pressure 
--Preferred phase for the well 
--Drainage radius for productivity/injectivity index calculation 
 
 
WELSPECS 
'p1      ','g       ',  1,  1,  1200   ,'OIL'  -1.000 / 
'i20     ','g       ', 30,  30,  1200   ,'WAT'  -1.000 / 
/ 
 
 
COMPDAT 
 
--Well completion specification data 
-- 7 Saturation table number for connection relative permeabilities 
-- 8 Transmissibility factor for the connection 
-- 9 Well bore diameter at the connection 
 
'p1      '  1*  1*   1  40 'OPEN'  1*    1*   .583 / 
'i20     '  1*  1*   1  40 'OPEN'  1*    1*   .583 / 
/ 
 
WTEMP 
i20 65.0 / 
/ 
 
 
WCONPROD 
--Control data for production wells 
-- 3  Control mode 
-- ORAT Controlled by oil rate target (Item 4) 
-- WRAT Controlled by water rate target (Item 5) 
-- GRAT Controlled by gas rate target (Item 6) 
-- LRAT Controlled by liquid rate target (Item 7) 
-- CRAT Controlled by linearly combined rate target (Item 19) 
-- RESV Controlled by reservoir fluid volume rate target (Item 8) 
-- BHP Controlled by BHP target (Item 9) 
-- THP Controlled by THP target (Item 10) 
-- 4 Oil rate target or upper limit 
-- 5 Water rate target or upper limit 
-- 6 Gas rate target or upper limit 
-- 7 Liquid rate target or upper limit. 
-- 8 Reservoir fluid volume rate target or upper limit 
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-- 9 BHP target or lower limit                                         
 
'p1      ','OPEN','LRAT' 3*  400 1* 200    / 
  
/ 
 
 
WCONINJE     
--Control data for injection wells 
 
--4 Control mode 
-- RATE Controlled by surface flow rate target (Item 5) 
-- RESV Controlled by reservoir volume rate target (Item 6) 
-- BHP Controlled by BHP target (Item 7) 
-- THP Controlled by THP target (Item 8) 
-- 5 Surface flow rate target or upper limit. 
-- 6 Reservoir fluid volume rate target or upper limit. 
-- 7 BHP target or upper limit 
-- 8 THP target or upper limit 
                                      
 
'i20     ','WAT','OPEN','RATE' 400 1* 4000         / 
/ 
 
 
 
TUNING 
0.1 7 0.1 0.15 3 0.3 0.1 1.25 0.75 / 
 / 
24 1 120 1 25 25 / 
 
TSTEP                                             
 
300*30 
/ 
 
END 
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-- Plug located at the middle of thief zone, restart after 5 months of CWF, permeability 200 mD-- 
RUNSPEC 
TITLE 
XSECTION PROBLEM 
 
DIMENS 
   30    30   40  / 
 
 
 
OIL 
 
WATER 
 
FIELD 
 
--The maximum number of wells in the model 
--The maximum number of connections per well (that is the maximum number of grid blocks connected to any one well) 
--The maximum number of groups in the model 
--The maximum number of wells in any one group (or child groups in a group; keyword GRUPTREE) 
 
TEMP 
 
WELLDIMS 
    2   100    2    1 / 
 
 
START 
   1 'JAN' 1983  / 
 
NSTACK 
   120 / 
 
--The GRID section determines the basic geometry of the simulation grid and various rock 
--properties (porosity, absolute permeability, net-to-gross ratios) in each grid cell. From this 
--information, the program calculates the grid block pore volumes, mid-point depths and interblock 
--transmissibilities 
 
GRID 
 
RPTGRID  
THCONR  TRTHERM / 
 
--The INIT file contains a summary of data entered in the GRID, PROPS and REGIONS sections. 
--If this keyword is included in the GRID section, the program writes out an Initial Data file, 
--containing grid properties and saturation table data, which can be read into the graphics 
--packages 
 
INIT 
 
--This keyword is used to assign or replace the value of a property for a box of cells within the 
--grid. 
 
EQUALS 
'TOPS' 1000   1 30 1 30 1 1 / 
'DX'   10     1 30 1 30 1 30 / 
'DY'   10     1 30 1 30 1 40 / 
'DZ'   10     1 30 1 30 1 40 /   
'PORO' 0.15   1 30 1 30 1 40 / 
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'PERMX' 50    1 30 1 30 1 40 / 
'PERMX' 2000  1 30 1 30 18 22 / 
 
 
PERMX 200 28 30   15 15   18 18 / 
PERMX 200 25 30   16 16   18 18 / 
PERMX 200 23 30   17 17   18 18 / 
PERMX 200 21 30   18 18   18 18 / 
PERMX 200 20 28   19 19   18 18 / 
PERMX 200 19 25   20 20   18 18 / 
PERMX 200 18 23   21 21   18 18 / 
PERMX 200 18 22   22 22   18 18 / 
PERMX 200 17 21   23 23   18 18 / 
PERMX 200 17 20   24 24   18 18 / 
PERMX 200 16 20   25 25   18 18 / 
PERMX 200 16 19   26 26   18 18 / 
PERMX 200 16 19   27 27   18 18 / 
PERMX 200 15 19   28 28   18 18 / 
PERMX 200 15 18   29 29   18 18 / 
PERMX 200 15 18   30 30   18 18 / 
PERMX 200 27 30   13 13   19 19 / 
PERMX 200 24 30   14 14   19 19 / 
PERMX 200 22 30   15 15   19 19 / 
PERMX 200 20 26   16 16   19 19 / 
PERMX 200 19 23   17 17   19 19 / 
PERMX 200 18 21   18 18   19 19 / 
PERMX 200 17 20   19 19   19 19 / 
PERMX 200 16 19   20 20   19 19 / 
PERMX 200 16 18   21 21   19 19 / 
PERMX 200 15 17   22 22   19 19 / 
PERMX 200 15 17   23 23   19 19 / 
PERMX 200 14 16   24 24   19 19 / 
PERMX 200 14 16   25 25   19 19 / 
PERMX 200 14 16   26 26   19 19 / 
PERMX 200 13 15   27 27   19 19 / 
PERMX 200 13 15   28 28   19 19 / 
PERMX 200 13 15   29 29   19 19 / 
PERMX 200 13 15   30 30   19 19 / 
PERMX 200 25 30   12 12   20 20 / 
PERMX 200 22 30   13 13   20 20 / 
PERMX 200 20 30   14 14   20 20 / 
PERMX 200 19 24   15 15   20 20 / 
PERMX 200 17 22   16 16   20 20 / 
PERMX 200 16 20   17 17   20 20 / 
PERMX 200 16 19   18 18   20 20 / 
PERMX 200 15 18   19 19   20 20 / 
PERMX 200 14 17   20 20   20 20 / 
PERMX 200 14 16   21 21   20 20 / 
PERMX 200 13 16   22 22   20 20 / 
PERMX 200 13 15   23 23   20 20 / 
PERMX 200 13 15   24 24   20 20 / 
PERMX 200 12 14   25 25   20 20 / 
PERMX 200 12 14   26 26   20 20 / 
PERMX 200 12 14   27 27   20 20 / 
PERMX 200 12 14   28 28   20 20 / 
PERMX 200 12 14   29 29   20 20 / 
PERMX 200 12 14   30 30   20 20 / 
PERMX 200 26 30   10 10   21 21 / 
PERMX 200 22 30   11 11   21 21 / 
PERMX 200 20 30   12 12   21 21 / 
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PERMX 200 18 25   13 13   21 21 / 
PERMX 200 17 22   14 14   21 21 / 
PERMX 200 16 20   15 15   21 21 / 
PERMX 200 15 19   16 16   21 21 / 
PERMX 200 14 17   17 17   21 21 / 
PERMX 200 13 16   18 18   21 21 / 
PERMX 200 13 16   19 19   21 21 / 
PERMX 200 12 15   20 20   21 21 / 
PERMX 200 12 14   21 21   21 21 / 
PERMX 200 11 14   22 22   21 21 / 
PERMX 200 11 13   23 23   21 21 / 
PERMX 200 11 13   24 24   21 21 / 
PERMX 200 11 13   25 25   21 21 / 
PERMX 200 10 12   26 26   21 21 / 
PERMX 200 10 12   27 27   21 21 / 
PERMX 200 10 12   28 28   21 21 / 
PERMX 200 10 12   29 29   21 21 / 
PERMX 200 10 12   30 30   21 21 / 
PERMX 200 25 30   8, 8,   22 22 / 
PERMX 200 21 30   9, 9,   22 22 / 
PERMX 200 19 28   10 10   22 22 / 
PERMX 200 17 23   11 11   22 22 / 
PERMX 200 16 20   12 12   22 22 / 
PERMX 200 14 18   13 13   22 22 / 
PERMX 200 13 17   14 14   22 22 / 
PERMX 200 13 15   15 15   22 22 / 
PERMX 200 12 14   16 16   22 22 / 
PERMX 200 11 14   17 17   22 22 / 
PERMX 200 11 13   18 18   22 22 / 
PERMX 200 10 12   19 19   22 22 / 
PERMX 200 10 12   20 20   22 22 / 
PERMX 200 9, 11   21, 21   22 22 / 
PERMX 200 9, 11   22, 22   22 22 / 
PERMX 200 9, 11   23, 23   22 22 / 
PERMX 200 9, 10   24, 24   22 22 / 
PERMX 200 8, 10   25, 25   22 22 / 
PERMX 200 8, 10   26, 26   22 22 / 
PERMX 200 8, 10   27, 27   22 22 / 
PERMX 200 8, 10   28, 28   22 22 / 
PERMX 200 8, 9,   29, 29,   22 22 / 
PERMX 200 8, 9,   30, 30,   22 22 / 
 
 
 
 
 
 
/ 
COPY 
'PERMX'  'PERMY' / 
'PERMX'  'PERMZ' / 
/ 
MULTIPLY 
'PERMZ' 0.2 / 
/ 
 
--The PROPS section of the input data contains pressure and saturation dependent properties of 
--the reservoir fluids and rocks. 
 
PROPS 
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--The reference pressure (Pref) for items 2 and 4. 
--The water formation volume factor at the reference pressure, Bw(Pref) 
--The water compressibility 
--The water viscosity at the reference pressure 
--The water “viscosibility” 
 
PVTW       1 TABLES   20 P NODES   20 R NODES    FIELD   14:57  1 NOV 88 
 4000.0000   1.03000   .3000E-05    .40000     .00E+00 / 
 
 
--The reference pressure (Pref). 
--The rock compressibility 
 
 
ROCK       1 TABLES   20 P NODES   20 R NODES    FIELD   14:58  1 NOV 88 
 4000.00      .3500E-05 / 
 
 
SPECROCK 
0.0 25.0 
300.0 25.0 
/ 
0.0 27.0 
300.0 27.0 
/ 
 
 
 
SPECHEAT 
0.0 0.5 1.5 0.5 
300.0 0.5 1.5 0.5 
/ 
 
--PVT properties of dead oil (no dissolved gas) 
--Column 1 The oil phase pressure 
--Column 2 The corresponding oil formation volume factor 
--Column 3 The corresponding oil viscosity. 
 
PVDO       1 TABLES   20 P NODES   20 R NODES    FIELD   14:58  1 NOV 88 
 
400 1.11 1.16 
800 1.1 1.16 
1200 1.09 1.16 
1600 1.08 1.16 
2000 1.07 1.16 
2400 1.06 1.16 
2800 1.05 1.16 
3200 1.04 1.16 
3600 1.03 1.16 
4000 1.02 1.16 
4400 1.01 1.16 
4800 1 1.16 
5200 0.99 1.16 
5600 0.98 1.16 
6000 0.97 1.16 
  
 
/ 
 
 
Conformance Control by Permeability and Relative Permeability  44 
 
 
 
 
 
  
 
 
 
 
GRAVITY    1 TABLES   20 P NODES   20 R NODES    FIELD   15:01  1 NOV 88 
 32.0000  1.05000   .70000 / 
 
--RSCONST                                          FIELD   15:01  1 NOV 88 
-- .6560000   2500.0000   / 
 
 
SWOF       1 TABLES   20 NODES IN EACH           FIELD   15:02  1 NOV 88 
--  Sw          Krw             Krow         Pcap 
    0.15 0         1.000000000   0             
    0.20        0.001775148     0.852071006   0 
    0.25 0.007100592 0.715976331   0 
    0.30 0.015976331 0.591715976   0 
    0.35 0.028402367 0.479289941   0 
    0.40 0.044378698 0.378698225   0 
    0.45 0.063905325 0.289940828   0 
    0.50 0.086982249 0.213017751   0 
    0.55 0.113609467 0.147928994   0 
    0.60 0.143786982 0.094674556   0 
    0.65 0.177514793 0.053254438   0 
    0.70 0.214792899 0.023668639   0 
    0.75 0.255621302 0.005917160   0 
    0.80 0.300000000 0.000000000   0 
/ 
 
SOLUTION 
 
--EQUIL      1 TABLES   20 NODES IN EACH           FIELD   14:56  1 NOV 88 
--Equilibration data specification 
--1 Datum depth 
--2 Pressure at the datum depth 
--3 Depth of the water-oil contact 
--4 Oil-water capillary pressure at the water-oil contact 
--5 Depth of the gas-oil contact 
--6 Gas-oil capillary pressure at the gas-oil contact 
  
--1200.00 3000.00 2000.00  .00000  700  .00000     0      0      1* / 
 
 
--RTEMPVD 
--900  140 
--1000 145 
--1100 150 
--1200 155 
--1300 160 
--1400 165 
--1500 170 / 
 
--RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
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--'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' / 
 
--RPTRST 
--BASIC=2 SWAT SOIL PRES / 
 
--RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
--'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' / 
 
RESTART 
rate 5 / 
 
RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' 'TEMP' / 
 
SUMMARY 
 
 
BTCNFHEA 1 30 1 30 1 40 
/ 
 
FTPCHEA 
/ 
FTICHEA 
/ 
FOE 
--Field (OIP(initial) - OIP(now)) / OIP(initial) 
FWPT 
--Field Water Production Total 
FOPT 
--Field Oil Production Total 
FOPR 
--Field Oil Production Rate 
FOIP 
--Field Oil In Place (in liquid and wet gas phases) 
FWIP 
--Field Water Injection Rate 
WOPR 
--Field Water In Place  
 
/ 
wwpr 
--Well Water Production Rate 
/ 
wwir 
--Well Water Injection Rate 
/ 
wbhp 
--Well Bottom Hole Pressure 
 
/ 
 
FWCT 
--Field Water Cut 
 
WWCT 
--Well Water Cut  
/ 
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FWIR 
--Field Water Injection Rate 
 
FVPR 
--Field Res Volume Production Rate 
 
FVIR 
--Field Res Volume Injection Rate 
 
FVIT 
--Res Volume Injection Total 
 
FVPT 
--Res Volume Production Total 
 
/ 
 
FTPCHEA 
WTPCHEA 
/ Production Temperature 
FTICHEA   
WTICHEA 
/ Injection Temperature 
FTPRHEA 
WTPRHEA 
/ Heat flows (Production) 
FTPTHEA   
WTPTHEA 
/ Heat Production Total 
FTIRHEA   
WTIRHEA  
/Heat flows (Injection) 
FTITHEA   
WTITHEA  
/Heat Injection Total 
FWSAT 
 
 
RUNSUM 
 
SCHEDULE 
 
 
SKIPREST 
 
RPTSCHED                                         FIELD   15:06  1 NOV 88 
   'PRES' 'SWAT' 'RESTART=2' 'FIP=1' 'WELLS=2' 'SUMMARY=2' 'CPU=2' 'WELSPECS'  
   'NEWTON=2' 'TEMP' 'FIPTEMP' 'FIPHEAT' / 
 
 
--The keyword introduces a new well, defining its name, the position of the wellhead, its bottom 
--hole reference depth and other specification data. 
 
--Well name 
--Name of the group to which the well belongs 
--I - location of well head or heel 
--J - location of well head or heel 
--Reference depth for bottom hole pressure 
--Preferred phase for the well 
--Drainage radius for productivity/injectivity index calculation 
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WELSPECS 
'p1      ','g       ',  1,  1,  1200   ,'OIL'  -1.000 / 
'i20     ','g       ', 30,  30,  1200   ,'WAT'  -1.000 / 
/ 
 
 
COMPDAT 
 
--Well completion specification data 
-- 7 Saturation table number for connection relative permeabilities 
-- 8 Transmissibility factor for the connection 
-- 9 Well bore diameter at the connection 
 
'p1      '  1*  1*   1  40 'OPEN'  1*    1*   .583 / 
'i20     '  1*  1*   1  40 'OPEN'  1*    1*   .583 / 
/ 
 
WTEMP 
i20 65.0 / 
/ 
 
 
WCONPROD 
--Control data for production wells 
-- 3  Control mode 
-- ORAT Controlled by oil rate target (Item 4) 
-- WRAT Controlled by water rate target (Item 5) 
-- GRAT Controlled by gas rate target (Item 6) 
-- LRAT Controlled by liquid rate target (Item 7) 
-- CRAT Controlled by linearly combined rate target (Item 19) 
-- RESV Controlled by reservoir fluid volume rate target (Item 8) 
-- BHP Controlled by BHP target (Item 9) 
-- THP Controlled by THP target (Item 10) 
-- 4 Oil rate target or upper limit 
-- 5 Water rate target or upper limit 
-- 6 Gas rate target or upper limit 
-- 7 Liquid rate target or upper limit. 
-- 8 Reservoir fluid volume rate target or upper limit 
-- 9 BHP target or lower limit                                         
 
'p1      ','OPEN','LRAT' 3*  400 1* 200    / 
  
/ 
 
 
WCONINJE     
--Control data for injection wells 
 
--4 Control mode 
-- RATE Controlled by surface flow rate target (Item 5) 
-- RESV Controlled by reservoir volume rate target (Item 6) 
-- BHP Controlled by BHP target (Item 7) 
-- THP Controlled by THP target (Item 8) 
-- 5 Surface flow rate target or upper limit. 
-- 6 Reservoir fluid volume rate target or upper limit. 
-- 7 BHP target or upper limit 
-- 8 THP target or upper limit 
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'i20     ','WAT','OPEN','RATE' 400 1* 4000         / 
/ 
 
 
 
TUNING 
0.1 7 0.1 0.15 3 0.3 0.1 1.25 0.75 / 
 / 
24 1 120 1 25 25 / 
 
TSTEP                                             
300*30 
/ 
 
END 
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-- Plug located closer to the producer, restart 5 months after CWF, perm 200 md  
RUNSPEC 
TITLE 
XSECTION PROBLEM 
 
DIMENS 
   30    30   40  / 
 
 
 
OIL 
 
WATER 
 
FIELD 
 
--The maximum number of wells in the model 
--The maximum number of connections per well (that is the maximum number of grid blocks connected to any one well) 
--The maximum number of groups in the model 
--The maximum number of wells in any one group (or child groups in a group; keyword GRUPTREE) 
 
TEMP 
 
WELLDIMS 
    2   100    2    1 / 
 
 
START 
   1 'JAN' 1983  / 
 
NSTACK 
   120 / 
 
--The GRID section determines the basic geometry of the simulation grid and various rock 
--properties (porosity, absolute permeability, net-to-gross ratios) in each grid cell. From this 
--information, the program calculates the grid block pore volumes, mid-point depths and interblock 
--transmissibilities 
 
GRID 
 
RPTGRID  
THCONR  TRTHERM / 
 
--The INIT file contains a summary of data entered in the GRID, PROPS and REGIONS sections. 
--If this keyword is included in the GRID section, the program writes out an Initial Data file, 
--containing grid properties and saturation table data, which can be read into the graphics 
--packages 
 
INIT 
 
--This keyword is used to assign or replace the value of a property for a box of cells within the 
--grid. 
 
EQUALS 
'TOPS' 1000   1 30 1 30 1 1 / 
'DX'   10     1 30 1 30 1 30 / 
'DY'   10     1 30 1 30 1 40 / 
'DZ'   10     1 30 1 30 1 40 /   
'PORO' 0.15   1 30 1 30 1 40 / 
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'PERMX' 50    1 30 1 30 1 40 / 
'PERMX' 2000  1 30 1 30 18 22 / 
 
 
PERMX 200  29, 30 12 12 18 18 / 
PERMX 200  23, 30 13 13 18 18 / 
PERMX 200  21, 30 14 14 18 18 / 
PERMX 200  19, 30 15 15 18 18 / 
PERMX 200  18, 30 16 16 18 18 / 
PERMX 200  17, 25 17 17 18 18 / 
PERMX 200  16, 23 18 18 18 18 / 
PERMX 200  15, 21 19 19 18 18 / 
PERMX 200  15, 20 20 20 18 18 / 
PERMX 200  14, 19 21 21 18 18 / 
PERMX 200  14, 18 22 22 18 18 / 
PERMX 200  13, 18 23 23 18 18 / 
PERMX 200  13, 17 24 24 18 18 / 
PERMX 200  13, 17 25 25 18 18 / 
PERMX 200  13, 16 26 26 18 18 / 
PERMX 200  13, 16 27 27 18 18 / 
PERMX 200  13, 16 28 28 18 18 / 
PERMX 200  12, 16 29 29 18 18 / 
PERMX 200  12, 16 30 30 18 18 / 
PERMX 200  30, 30 9, 9, 19 19 / 
PERMX 200  23, 30 10 10 19 19 / 
PERMX 200  19, 30 11 11 19 19 / 
PERMX 200  17, 25 12 12 19 19 / 
PERMX 200  16, 21 13 13 19 19 / 
PERMX 200  15, 19 14 14 19 19 / 
PERMX 200  14, 17 15 15 19 19 / 
PERMX 200  13, 16 16 16 19 19 / 
PERMX 200  12, 15 17 17 19 19 / 
PERMX 200  12, 14 18 18 19 19 / 
PERMX 200  11, 14 19 19 19 19 / 
PERMX 200  11, 13 20 20 19 19 / 
PERMX 200  11, 13 21 21 19 19 / 
PERMX 200  11, 12 22 22 19 19 / 
PERMX 200  10, 12 23 23 19 19 / 
PERMX 200  10, 12 24 24 19 19 / 
PERMX 200  10, 12 25 25 19 19 / 
PERMX 200  10, 11 26 26 19 19 / 
PERMX 200  10, 11 27 27 19 19 / 
PERMX 200  10, 11 28 28 19 19 / 
PERMX 200  10, 11 29 29 19 19 / 
PERMX 200  9, 11 30, 30 19 19 / 
PERMX 200  26, 30 7, 7, 20 20 / 
PERMX 200  21, 30 8, 8, 20 20 / 
PERMX 200  17, 30 9, 9, 20 20 / 
PERMX 200  15, 23 10 10 20 20 / 
PERMX 200  13, 19 11 11 20 20 / 
PERMX 200  12, 17 12 12 20 20 / 
PERMX 200  11, 15 13 13 20 20 / 
PERMX 200  11, 14 14 14 20 20 / 
PERMX 200  10, 13 15 15 20 20 / 
PERMX 200  10, 12 16 16 20 20 / 
PERMX 200  9, 12 17, 17 20 20 / 
PERMX 200  9, 11 18, 18 20 20 / 
PERMX 200  9, 11 19, 19 20 20 / 
PERMX 200  9, 10 20, 20 20 20 / 
PERMX 200  8, 10 21, 21 20 20 / 
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PERMX 200  8, 10 22, 22 20 20 / 
PERMX 200  8, 10 23, 23 20 20 / 
PERMX 200  8, 9, 24, 24, 20 20 / 
PERMX 200  8, 9, 25, 25, 20 20 / 
PERMX 200  7, 9, 26, 26, 20 20 / 
PERMX 200  7, 9, 27, 27, 20 20 / 
PERMX 200  7, 9, 28, 28, 20 20 / 
PERMX 200  7, 9, 29, 29, 20 20 / 
PERMX 200  7, 9, 30, 30, 20 20 / 
PERMX 200  24, 30 5, 5, 21 21 / 
PERMX 200  18, 30 6, 6, 21 21 / 
PERMX 200  15, 26 7, 7, 21 21 / 
PERMX 200  12, 20 8, 8, 21 21 / 
PERMX 200  11, 17 9, 9, 21 21 / 
PERMX 200  10, 14 10 10 21 21 / 
PERMX 200  9, 13 11, 11 21 21 / 
PERMX 200  8, 11 12, 12 21 21 / 
PERMX 200  8, 11 13, 13 21 21 / 
PERMX 200  8, 10 14, 14 21 21 / 
PERMX 200  7, 9, 15, 15, 21 21 / 
PERMX 200  7, 9, 16, 16, 21 21 / 
PERMX 200  7, 9, 17, 17, 21 21 / 
PERMX 200  6, 8, 18, 18, 21 21 / 
PERMX 200  6, 8, 19, 19, 21 21 / 
PERMX 200  6, 8, 20, 20, 21 21 / 
PERMX 200  6, 7, 21, 21, 21 21 / 
PERMX 200  6, 7, 22, 22, 21 21 / 
PERMX 200  6, 7, 23, 23, 21 21 / 
PERMX 200  5, 7, 24, 24, 21 21 / 
PERMX 200  5, 7, 25, 25, 21 21 / 
PERMX 200  5, 7, 26, 26, 21 21 / 
PERMX 200  5, 6, 27, 27, 21 21 / 
PERMX 200  5, 6, 28, 28, 21 21 / 
PERMX 200  5, 6, 29, 29, 21 21 / 
PERMX 200  5, 6, 30, 30, 21 21 / 
PERMX 200  28, 30 2, 2, 22 22 / 
PERMX 200  19, 30 3, 3, 22 22 / 
PERMX 200  14, 30 4, 4, 22 22 / 
PERMX 200  10, 19 5, 5, 22 22 / 
PERMX 200  8, 15 6, 6, 22 22 / 
PERMX 200  7, 12 7, 7, 22 22 / 
PERMX 200  6, 10 8, 8, 22 22 / 
PERMX 200  6, 9, 9, 9, 22 22 / 
PERMX 200  5, 8, 10, 10, 22 22 / 
PERMX 200  5, 7, 11, 11, 22 22 / 
PERMX 200  5, 7, 12, 12, 22 22 / 
PERMX 200  5, 6, 13, 13, 22 22 / 
PERMX 200  4, 6, 14, 14, 22 22 / 
PERMX 200  4, 6, 15, 15, 22 22 / 
PERMX 200  4, 5, 16, 16, 22 22 / 
PERMX 200  4, 5, 17, 17, 22 22 / 
PERMX 200  4, 5, 18, 18, 22 22 / 
PERMX 200  3, 5, 19, 19, 22 22 / 
PERMX 200  3, 4, 20, 20, 22 22 / 
PERMX 200  3, 4, 21, 21, 22 22 / 
PERMX 200  3, 4, 22, 22, 22 22 / 
PERMX 200  3, 4, 23, 23, 22 22 / 
PERMX 200  3, 4, 24, 24, 22 22 / 
PERMX 200  3, 4, 25, 25, 22 22 / 
PERMX 200  3, 4, 26, 26, 22 22 / 
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PERMX 200  3, 4, 27, 27, 22 22 / 
PERMX 200  2, 4, 28, 28, 22 22 / 
PERMX 200  2, 4, 29, 29, 22 22 / 
PERMX 200  2, 4, 30, 30, 22 22 / 
 
 
 
 
 
 
/ 
COPY 
'PERMX'  'PERMY' / 
'PERMX'  'PERMZ' / 
/ 
MULTIPLY 
'PERMZ' 0.2 / 
/ 
 
--The PROPS section of the input data contains pressure and saturation dependent properties of 
--the reservoir fluids and rocks. 
 
PROPS 
--The reference pressure (Pref) for items 2 and 4. 
--The water formation volume factor at the reference pressure, Bw(Pref) 
--The water compressibility 
--The water viscosity at the reference pressure 
--The water “viscosibility” 
 
PVTW       1 TABLES   20 P NODES   20 R NODES    FIELD   14:57  1 NOV 88 
 4000.0000   1.03000   .3000E-05    .40000     .00E+00 / 
 
 
--The reference pressure (Pref). 
--The rock compressibility 
 
 
ROCK       1 TABLES   20 P NODES   20 R NODES    FIELD   14:58  1 NOV 88 
 4000.00      .3500E-05 / 
 
 
SPECROCK 
0.0 25.0 
300.0 25.0 
/ 
0.0 27.0 
300.0 27.0 
/ 
 
 
 
SPECHEAT 
0.0 0.5 1.5 0.5 
300.0 0.5 1.5 0.5 
/ 
 
--PVT properties of dead oil (no dissolved gas) 
--Column 1 The oil phase pressure 
--Column 2 The corresponding oil formation volume factor 
--Column 3 The corresponding oil viscosity. 
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PVDO       1 TABLES   20 P NODES   20 R NODES    FIELD   14:58  1 NOV 88 
 
400 1.11 1.16 
800 1.1 1.16 
1200 1.09 1.16 
1600 1.08 1.16 
2000 1.07 1.16 
2400 1.06 1.16 
2800 1.05 1.16 
3200 1.04 1.16 
3600 1.03 1.16 
4000 1.02 1.16 
4400 1.01 1.16 
4800 1 1.16 
5200 0.99 1.16 
5600 0.98 1.16 
6000 0.97 1.16 
  
 
/ 
 
 
 
 
 
 
 
  
 
 
 
 
GRAVITY    1 TABLES   20 P NODES   20 R NODES    FIELD   15:01  1 NOV 88 
 32.0000  1.05000   .70000 / 
 
--RSCONST                                          FIELD   15:01  1 NOV 88 
-- .6560000   2500.0000   / 
 
 
SWOF       1 TABLES   20 NODES IN EACH           FIELD   15:02  1 NOV 88 
--  Sw          Krw             Krow         Pcap 
    0.15 0         1.000000000   0             
    0.20        0.001775148     0.852071006   0 
    0.25 0.007100592 0.715976331   0 
    0.30 0.015976331 0.591715976   0 
    0.35 0.028402367 0.479289941   0 
    0.40 0.044378698 0.378698225   0 
    0.45 0.063905325 0.289940828   0 
    0.50 0.086982249 0.213017751   0 
    0.55 0.113609467 0.147928994   0 
    0.60 0.143786982 0.094674556   0 
    0.65 0.177514793 0.053254438   0 
    0.70 0.214792899 0.023668639   0 
    0.75 0.255621302 0.005917160   0 
    0.80 0.300000000 0.000000000   0 
/ 
 
SOLUTION 
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--EQUIL      1 TABLES   20 NODES IN EACH           FIELD   14:56  1 NOV 88 
--Equilibration data specification 
--1 Datum depth 
--2 Pressure at the datum depth 
--3 Depth of the water-oil contact 
--4 Oil-water capillary pressure at the water-oil contact 
--5 Depth of the gas-oil contact 
--6 Gas-oil capillary pressure at the gas-oil contact 
  
--1200.00 3000.00 2000.00  .00000  700  .00000     0      0      1* / 
 
 
--RTEMPVD 
--900  140 
--1000 145 
--1100 150 
--1200 155 
--1300 160 
--1400 165 
--1500 170 / 
 
--RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
--'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' / 
 
--RPTRST 
--BASIC=2 SWAT SOIL PRES / 
 
--RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
--'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' / 
 
RESTART 
rate 5 / 
 
RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' 'TEMP' / 
 
SUMMARY 
 
 
BTCNFHEA 1 30 1 30 1 40 
/ 
 
FTPCHEA 
/ 
FTICHEA 
/ 
FOE 
--Field (OIP(initial) - OIP(now)) / OIP(initial) 
FWPT 
--Field Water Production Total 
FOPT 
--Field Oil Production Total 
FOPR 
--Field Oil Production Rate 
FOIP 
--Field Oil In Place (in liquid and wet gas phases) 
FWIP 
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--Field Water Injection Rate 
WOPR 
--Field Water In Place  
 
/ 
wwpr 
--Well Water Production Rate 
/ 
wwir 
--Well Water Injection Rate 
/ 
wbhp 
--Well Bottom Hole Pressure 
 
/ 
 
FWCT 
--Field Water Cut 
 
WWCT 
--Well Water Cut  
/ 
 
FWIR 
--Field Water Injection Rate 
 
FVPR 
--Field Res Volume Production Rate 
 
FVIR 
--Field Res Volume Injection Rate 
 
FVIT 
--Res Volume Injection Total 
 
FVPT 
--Res Volume Production Total 
 
/ 
 
FTPCHEA 
WTPCHEA 
/ Production Temperature 
FTICHEA   
WTICHEA 
/ Injection Temperature 
FTPRHEA 
WTPRHEA 
/ Heat flows (Production) 
FTPTHEA   
WTPTHEA 
/ Heat Production Total 
FTIRHEA   
WTIRHEA  
/Heat flows (Injection) 
FTITHEA   
WTITHEA  
/Heat Injection Total 
FWSAT 
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RUNSUM 
 
SCHEDULE 
 
 
SKIPREST 
 
RPTSCHED                                         FIELD   15:06  1 NOV 88 
   'PRES' 'SWAT' 'RESTART=2' 'FIP=1' 'WELLS=2' 'SUMMARY=2' 'CPU=2' 'WELSPECS'  
   'NEWTON=2' 'TEMP' 'FIPTEMP' 'FIPHEAT' / 
 
 
--The keyword introduces a new well, defining its name, the position of the wellhead, its bottom 
--hole reference depth and other specification data. 
 
--Well name 
--Name of the group to which the well belongs 
--I - location of well head or heel 
--J - location of well head or heel 
--Reference depth for bottom hole pressure 
--Preferred phase for the well 
--Drainage radius for productivity/injectivity index calculation 
 
 
WELSPECS 
'p1      ','g       ',  1,  1,  1200   ,'OIL'  -1.000 / 
'i20     ','g       ', 30,  30,  1200   ,'WAT'  -1.000 / 
/ 
 
 
COMPDAT 
 
--Well completion specification data 
-- 7 Saturation table number for connection relative permeabilities 
-- 8 Transmissibility factor for the connection 
-- 9 Well bore diameter at the connection 
 
'p1      '  1*  1*   1  40 'OPEN'  1*    1*   .583 / 
'i20     '  1*  1*   1  40 'OPEN'  1*    1*   .583 / 
/ 
 
WTEMP 
i20 65.0 / 
/ 
 
 
WCONPROD 
--Control data for production wells 
-- 3  Control mode 
-- ORAT Controlled by oil rate target (Item 4) 
-- WRAT Controlled by water rate target (Item 5) 
-- GRAT Controlled by gas rate target (Item 6) 
-- LRAT Controlled by liquid rate target (Item 7) 
-- CRAT Controlled by linearly combined rate target (Item 19) 
-- RESV Controlled by reservoir fluid volume rate target (Item 8) 
-- BHP Controlled by BHP target (Item 9) 
-- THP Controlled by THP target (Item 10) 
-- 4 Oil rate target or upper limit 
-- 5 Water rate target or upper limit 
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-- 6 Gas rate target or upper limit 
-- 7 Liquid rate target or upper limit. 
-- 8 Reservoir fluid volume rate target or upper limit 
-- 9 BHP target or lower limit                                         
 
'p1      ','OPEN','LRAT' 3*  400 1* 200    / 
  
/ 
 
 
WCONINJE     
--Control data for injection wells 
 
--4 Control mode 
-- RATE Controlled by surface flow rate target (Item 5) 
-- RESV Controlled by reservoir volume rate target (Item 6) 
-- BHP Controlled by BHP target (Item 7) 
-- THP Controlled by THP target (Item 8) 
-- 5 Surface flow rate target or upper limit. 
-- 6 Reservoir fluid volume rate target or upper limit. 
-- 7 BHP target or upper limit 
-- 8 THP target or upper limit 
                                      
 
'i20     ','WAT','OPEN','RATE' 400 1* 4000         / 
/ 
 
 
 
TUNING 
0.1 7 0.1 0.15 3 0.3 0.1 1.25 0.75 / 
 / 
24 1 120 1 25 25 / 
 
TSTEP                                             
 
300*30 
/ 
 
END 
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-- Plug located closer to injector, size increased, perm 50 mD, restart after 5 Months-- 
RUNSPEC 
TITLE 
XSECTION PROBLEM 
 
DIMENS 
   30    30   40  / 
 
 
 
OIL 
 
WATER 
 
FIELD 
 
--The maximum number of wells in the model 
--The maximum number of connections per well (that is the maximum number of grid blocks connected to any one well) 
--The maximum number of groups in the model 
--The maximum number of wells in any one group (or child groups in a group; keyword GRUPTREE) 
 
TEMP 
 
WELLDIMS 
    2   100    2    1 / 
 
 
START 
   1 'JAN' 1983  / 
 
NSTACK 
   120 / 
 
--The GRID section determines the basic geometry of the simulation grid and various rock 
--properties (porosity, absolute permeability, net-to-gross ratios) in each grid cell. From this 
--information, the program calculates the grid block pore volumes, mid-point depths and interblock 
--transmissibilities 
 
GRID 
 
RPTGRID  
THCONR  TRTHERM / 
 
--The INIT file contains a summary of data entered in the GRID, PROPS and REGIONS sections. 
--If this keyword is included in the GRID section, the program writes out an Initial Data file, 
--containing grid properties and saturation table data, which can be read into the graphics 
--packages 
 
INIT 
 
--This keyword is used to assign or replace the value of a property for a box of cells within the 
--grid. 
 
EQUALS 
'TOPS' 1000   1 30 1 30 1 1 / 
'DX'   10     1 30 1 30 1 30 / 
'DY'   10     1 30 1 30 1 40 / 
'DZ'   10     1 30 1 30 1 40 /   
'PORO' 0.15   1 30 1 30 1 40 / 
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'PERMX' 50    1 30 1 30 1 40 / 
'PERMX' 2000  1 30 1 30 18 22 / 
 
 
 
PERMX 50  29 30   21 21   18 18 / 
PERMX 50  27 30   22 22   18 18 / 
PERMX 50  25 30   23 23   18 18 / 
PERMX 50  24 30   24 24   18 18 / 
PERMX 50  23 30   25 25   18 18 / 
PERMX 50  23 28   26 26   18 18 / 
PERMX 50  22 26   27 27   18 18 / 
PERMX 50  22 26   28 28   18 18 / 
PERMX 50  21 25   29 29   18 18 / 
PERMX 50  21 25   30 30   18 18 / 
PERMX 50  30 30   20 20   19 19 / 
PERMX 50  27 30   21 21   19 19 / 
PERMX 50  25 30   22 22   19 19 / 
PERMX 50  24 30   23 23   19 19 / 
PERMX 50  23 30   24 24   19 19 / 
PERMX 50  22 28   25 25   19 19 / 
PERMX 50  22 26   26 26   19 19 / 
PERMX 50  21 25   27 27   19 19 / 
PERMX 50  21 25   28 28   19 19 / 
PERMX 50  21 24   29 29   19 19 / 
PERMX 50  20 24   30 30   19 19 / 
PERMX 50  28 30   20 20   20 20 / 
PERMX 50  26 30   21 21   20 20 / 
PERMX 50  25 30   22 22   20 20 / 
PERMX 50  23 30   23 23   20 20 / 
PERMX 50  23 30   24 24   20 20 / 
PERMX 50  22 28   25 25   20 20 / 
PERMX 50  21 26   26 26   20 20 / 
PERMX 50  21 25   27 27   20 20 / 
PERMX 50  20 25   28 28   20 20 / 
PERMX 50  20 24   29 29   20 20 / 
PERMX 50  20 24   30 30   20 20 / 
PERMX 50  30 30   19 19   21 21 / 
PERMX 50  27 30   20 20   21 21 / 
PERMX 50  25 30   21 21   21 21 / 
PERMX 50  24 30   22 22   21 21 / 
PERMX 50  23 30   23 23   21 21 / 
PERMX 50  22 29   24 24   21 21 / 
PERMX 50  21 27   25 25   21 21 / 
PERMX 50  21 26   26 26   21 21 / 
PERMX 50  20 25   27 27   21 21 / 
PERMX 50  20 24   28 28   21 21 / 
PERMX 50  20 24   29 29   21 21 / 
PERMX 50  19 23   30 30   21 21 / 
PERMX 50  30 30   18 18   22 22 / 
PERMX 50  27 30   19 19   22 22 / 
PERMX 50  25 30   20 20   22 22 / 
PERMX 50  24 30   21 21   22 22 / 
PERMX 50  22 30   22 22   22 22 / 
PERMX 50  22 30   23 23   22 22 / 
PERMX 50  21 27   24 24   22 22 / 
PERMX 50  20 26   25 25   22 22 / 
PERMX 50  20 25   26 26   22 22 / 
PERMX 50  19 24   27 27   22 22 / 
PERMX 50  19 23   28 28   22 22 / 
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PERMX 50  19 23   29 29   22 22 / 
PERMX 50  18 23   30 30   22 22 / 
 
 
 
 
/ 
COPY 
'PERMX'  'PERMY' / 
'PERMX'  'PERMZ' / 
/ 
MULTIPLY 
'PERMZ' 0.2 / 
/ 
 
--The PROPS section of the input data contains pressure and saturation dependent properties of 
--the reservoir fluids and rocks. 
 
PROPS 
--The reference pressure (Pref) for items 2 and 4. 
--The water formation volume factor at the reference pressure, Bw(Pref) 
--The water compressibility 
--The water viscosity at the reference pressure 
--The water “viscosibility” 
 
PVTW       1 TABLES   20 P NODES   20 R NODES    FIELD   14:57  1 NOV 88 
 4000.0000   1.03000   .3000E-05    .40000     .00E+00 / 
 
 
--The reference pressure (Pref). 
--The rock compressibility 
 
 
ROCK       1 TABLES   20 P NODES   20 R NODES    FIELD   14:58  1 NOV 88 
 4000.00      .3500E-05 / 
 
 
SPECROCK 
0.0 25.0 
300.0 25.0 
/ 
0.0 27.0 
300.0 27.0 
/ 
 
 
 
SPECHEAT 
0.0 0.5 1.5 0.5 
300.0 0.5 1.5 0.5 
/ 
 
--PVT properties of dead oil (no dissolved gas) 
--Column 1 The oil phase pressure 
--Column 2 The corresponding oil formation volume factor 
--Column 3 The corresponding oil viscosity. 
 
PVDO       1 TABLES   20 P NODES   20 R NODES    FIELD   14:58  1 NOV 88 
 
400 1.11 1.16 
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800 1.1 1.16 
1200 1.09 1.16 
1600 1.08 1.16 
2000 1.07 1.16 
2400 1.06 1.16 
2800 1.05 1.16 
3200 1.04 1.16 
3600 1.03 1.16 
4000 1.02 1.16 
4400 1.01 1.16 
4800 1 1.16 
5200 0.99 1.16 
5600 0.98 1.16 
6000 0.97 1.16 
  
 
/ 
 
 
 
 
 
 
 
  
 
 
 
 
GRAVITY    1 TABLES   20 P NODES   20 R NODES    FIELD   15:01  1 NOV 88 
 32.0000  1.05000   .70000 / 
 
--RSCONST                                          FIELD   15:01  1 NOV 88 
-- .6560000   2500.0000   / 
 
 
SWOF       1 TABLES   20 NODES IN EACH           FIELD   15:02  1 NOV 88 
--  Sw          Krw             Krow         Pcap 
    0.15 0         1.000000000   0             
    0.20        0.001775148     0.852071006   0 
    0.25 0.007100592 0.715976331   0 
    0.30 0.015976331 0.591715976   0 
    0.35 0.028402367 0.479289941   0 
    0.40 0.044378698 0.378698225   0 
    0.45 0.063905325 0.289940828   0 
    0.50 0.086982249 0.213017751   0 
    0.55 0.113609467 0.147928994   0 
    0.60 0.143786982 0.094674556   0 
    0.65 0.177514793 0.053254438   0 
    0.70 0.214792899 0.023668639   0 
    0.75 0.255621302 0.005917160   0 
    0.80 0.300000000 0.000000000   0 
/ 
 
SOLUTION 
 
--EQUIL      1 TABLES   20 NODES IN EACH           FIELD   14:56  1 NOV 88 
--Equilibration data specification 
--1 Datum depth 
--2 Pressure at the datum depth 
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--3 Depth of the water-oil contact 
--4 Oil-water capillary pressure at the water-oil contact 
--5 Depth of the gas-oil contact 
--6 Gas-oil capillary pressure at the gas-oil contact 
  
--1200.00 3000.00 2000.00  .00000  700  .00000     0      0      1* / 
 
 
--RTEMPVD 
--900  140 
--1000 145 
--1100 150 
--1200 155 
--1300 160 
--1400 165 
--1500 170 / 
 
--RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
--'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' / 
 
--RPTRST 
--BASIC=2 SWAT SOIL PRES / 
 
--RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
--'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' / 
 
RESTART 
rate3 5 / 
 
RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' 'TEMP' / 
 
SUMMARY 
 
 
BTCNFHEA 1 30 1 30 1 40 
/ 
 
FTPCHEA 
/ 
FTICHEA 
/ 
FOE 
--Field (OIP(initial) - OIP(now)) / OIP(initial) 
FWPT 
--Field Water Production Total 
FOPT 
--Field Oil Production Total 
FOPR 
--Field Oil Production Rate 
FOIP 
--Field Oil In Place (in liquid and wet gas phases) 
FWIP 
--Field Water Injection Rate 
WOPR 
--Field Water In Place  
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/ 
wwpr 
--Well Water Production Rate 
/ 
wwir 
--Well Water Injection Rate 
/ 
wbhp 
--Well Bottom Hole Pressure 
 
/ 
 
FWCT 
--Field Water Cut 
 
WWCT 
--Well Water Cut  
/ 
 
FWIR 
--Field Water Injection Rate 
 
FVPR 
--Field Res Volume Production Rate 
 
FVIR 
--Field Res Volume Injection Rate 
 
FVIT 
--Res Volume Injection Total 
 
FVPT 
--Res Volume Production Total 
 
/ 
 
FTPCHEA 
WTPCHEA 
/ Production Temperature 
FTICHEA   
WTICHEA 
/ Injection Temperature 
FTPRHEA 
WTPRHEA 
/ Heat flows (Production) 
FTPTHEA   
WTPTHEA 
/ Heat Production Total 
FTIRHEA   
WTIRHEA  
/Heat flows (Injection) 
FTITHEA   
WTITHEA  
/Heat Injection Total 
FWSAT 
 
 
RUNSUM 
 
SCHEDULE 
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SKIPREST 
 
RPTSCHED                                         FIELD   15:06  1 NOV 88 
   'PRES' 'SWAT' 'RESTART=2' 'FIP=1' 'WELLS=2' 'SUMMARY=2' 'CPU=2' 'WELSPECS'  
   'NEWTON=2' 'TEMP' 'FIPTEMP' 'FIPHEAT' / 
 
 
--The keyword introduces a new well, defining its name, the position of the wellhead, its bottom 
--hole reference depth and other specification data. 
 
--Well name 
--Name of the group to which the well belongs 
--I - location of well head or heel 
--J - location of well head or heel 
--Reference depth for bottom hole pressure 
--Preferred phase for the well 
--Drainage radius for productivity/injectivity index calculation 
 
 
WELSPECS 
'p1      ','g       ',  1,  1,  1200   ,'OIL'  -1.000 / 
'i20     ','g       ', 30,  30,  1200   ,'WAT'  -1.000 / 
/ 
 
 
COMPDAT 
 
--Well completion specification data 
-- 7 Saturation table number for connection relative permeabilities 
-- 8 Transmissibility factor for the connection 
-- 9 Well bore diameter at the connection 
 
'p1      '  1*  1*   1  40 'OPEN'  1*    1*   .583 / 
'i20     '  1*  1*   1  40 'OPEN'  1*    1*   .583 / 
/ 
 
WTEMP 
i20 65.0 / 
/ 
 
 
WCONPROD 
--Control data for production wells 
-- 3  Control mode 
-- ORAT Controlled by oil rate target (Item 4) 
-- WRAT Controlled by water rate target (Item 5) 
-- GRAT Controlled by gas rate target (Item 6) 
-- LRAT Controlled by liquid rate target (Item 7) 
-- CRAT Controlled by linearly combined rate target (Item 19) 
-- RESV Controlled by reservoir fluid volume rate target (Item 8) 
-- BHP Controlled by BHP target (Item 9) 
-- THP Controlled by THP target (Item 10) 
-- 4 Oil rate target or upper limit 
-- 5 Water rate target or upper limit 
-- 6 Gas rate target or upper limit 
-- 7 Liquid rate target or upper limit. 
-- 8 Reservoir fluid volume rate target or upper limit 
-- 9 BHP target or lower limit                                         
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'p1      ','OPEN','LRAT' 3*  400 1* 200    / 
  
/ 
 
 
WCONINJE     
--Control data for injection wells 
 
--4 Control mode 
-- RATE Controlled by surface flow rate target (Item 5) 
-- RESV Controlled by reservoir volume rate target (Item 6) 
-- BHP Controlled by BHP target (Item 7) 
-- THP Controlled by THP target (Item 8) 
-- 5 Surface flow rate target or upper limit. 
-- 6 Reservoir fluid volume rate target or upper limit. 
-- 7 BHP target or upper limit 
-- 8 THP target or upper limit 
                                      
 
'i20     ','WAT','OPEN','RATE' 400 1* 4000         / 
/ 
 
 
 
TUNING 
0.1 7 0.1 0.15 3 0.3 0.1 1.25 0.75 / 
 / 
24 1 120 1 25 25 / 
 
TSTEP                                             
 
300*30 
/ 
 
END 
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-- Plug located at the middle of the thief zone, size increased, permeability 50 mD, and restart after 
50 months of CWF-- 
RUNSPEC 
TITLE 
XSECTION PROBLEM 
 
DIMENS 
   30    30   40  / 
 
 
 
OIL 
 
WATER 
 
FIELD 
 
--The maximum number of wells in the model 
--The maximum number of connections per well (that is the maximum number of grid blocks connected to any one well) 
--The maximum number of groups in the model 
--The maximum number of wells in any one group (or child groups in a group; keyword GRUPTREE) 
 
TEMP 
 
WELLDIMS 
    2   100    2    1 / 
 
 
START 
   1 'JAN' 1983  / 
 
NSTACK 
   120 / 
 
--The GRID section determines the basic geometry of the simulation grid and various rock 
--properties (porosity, absolute permeability, net-to-gross ratios) in each grid cell. From this 
--information, the program calculates the grid block pore volumes, mid-point depths and interblock 
--transmissibilities 
 
GRID 
 
RPTGRID  
THCONR  TRTHERM / 
 
--The INIT file contains a summary of data entered in the GRID, PROPS and REGIONS sections. 
--If this keyword is included in the GRID section, the program writes out an Initial Data file, 
--containing grid properties and saturation table data, which can be read into the graphics 
--packages 
 
INIT 
 
--This keyword is used to assign or replace the value of a property for a box of cells within the 
--grid. 
 
EQUALS 
'TOPS' 1000   1 30 1 30 1 1 / 
'DX'   10     1 30 1 30 1 30 / 
'DY'   10     1 30 1 30 1 40 / 
'DZ'   10     1 30 1 30 1 40 /   
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'PORO' 0.15   1 30 1 30 1 40 / 
'PERMX' 50    1 30 1 30 1 40 / 
'PERMX' 2000  1 30 1 30 18 22 / 
 
PERMX 50  28 30   15 15   18 18 / 
PERMX 50  25 30   16 16   18 18 / 
PERMX 50  23 30   17 17   18 18 / 
PERMX 50  21 30   18 18   18 18 / 
PERMX 50  20 30   19 19   18 18 / 
PERMX 50  19 30   20 20   18 18 / 
PERMX 50  18 29   21 21   18 18 / 
PERMX 50  18 26   22 22   18 18 / 
PERMX 50  17 25   23 23   18 18 / 
PERMX 50  17 23   24 24   18 18 / 
PERMX 50  16 23   25 25   18 18 / 
PERMX 50  16 22   26 26   18 18 / 
PERMX 50  16 21   27 27   18 18 / 
PERMX 50  15 21   28 28   18 18 / 
PERMX 50  15 21   29 29   18 18 / 
PERMX 50  15 20   30 30   18 18 / 
PERMX 50  27 30   13 13   19 19 / 
PERMX 50  24 30   14 14   19 19 / 
PERMX 50  22 30   15 15   19 19 / 
PERMX 50  20 30   16 16   19 19 / 
PERMX 50  19 30   17 17   19 19 / 
PERMX 50  18 30   18 18   19 19 / 
PERMX 50  17 26   19 19   19 19 / 
PERMX 50  16 24   20 20   19 19 / 
PERMX 50  16 23   21 21   19 19 / 
PERMX 50  15 22   22 22   19 19 / 
PERMX 50  15 21   23 23   19 19 / 
PERMX 50  14 20   24 24   19 19 / 
PERMX 50  14 19   25 25   19 19 / 
PERMX 50  14 19   26 26   19 19 / 
PERMX 50  13 18   27 27   19 19 / 
PERMX 50  13 18   28 28   19 19 / 
PERMX 50  13 18   29 29   19 19 / 
PERMX 50  13 18   30 30   19 19 / 
PERMX 50  25 30   12 12   20 20 / 
PERMX 50  22 30   13 13   20 20 / 
PERMX 50  20 30   14 14   20 20 / 
PERMX 50  19 30   15 15   20 20 / 
PERMX 50  17 30   16 16   20 20 / 
PERMX 50  16 30   17 17   20 20 / 
PERMX 50  16 27   18 18   20 20 / 
PERMX 50  15 25   19 19   20 20 / 
PERMX 50  14 23   20 20   20 20 / 
PERMX 50  14 22   21 21   20 20 / 
PERMX 50  13 21   22 22   20 20 / 
PERMX 50  13 20   23 23   20 20 / 
PERMX 50  13 19   24 24   20 20 / 
PERMX 50  12 19   25 25   20 20 / 
PERMX 50  12 18   26 26   20 20 / 
PERMX 50  12 18   27 27   20 20 / 
PERMX 50  12 17   28 28   20 20 / 
PERMX 50  12 17   29 29   20 20 / 
PERMX 50  12 17   30 30   20 20 / 
PERMX 50  26 30   10 10   21 21 / 
PERMX 50  22 30   11 11   21 21 / 
PERMX 50  20 30   12 12   21 21 / 
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PERMX 50  18 30   13 13   21 21 / 
PERMX 50  17 30   14 14   21 21 / 
PERMX 50  16 30   15 15   21 21 / 
PERMX 50  15 30   16 16   21 21 / 
PERMX 50  14 26   17 17   21 21 / 
PERMX 50  13 24   18 18   21 21 / 
PERMX 50  13 22   19 19   21 21 / 
PERMX 50  12 21   20 20   21 21 / 
PERMX 50  12 20   21 21   21 21 / 
PERMX 50  11 19   22 22   21 21 / 
PERMX 50  11 18   23 23   21 21 / 
PERMX 50  11 18   24 24   21 21 / 
PERMX 50  11 17   25 25   21 21 / 
PERMX 50  10 17   26 26   21 21 / 
PERMX 50  10 16   27 27   21 21 / 
PERMX 50  10 16   28 28   21 21 / 
PERMX 50  10 16   29 29   21 21 / 
PERMX 50  10 16   30 30   21 21 / 
PERMX 50  25 30   8, 8,   22 22 / 
PERMX 50  21 30   9, 9,   22 22 / 
PERMX 50  19 30   10 10   22 22 / 
PERMX 50  17 30   11 11   22 22 / 
PERMX 50  16 30   12 12   22 22 / 
PERMX 50  14 30   13 13   22 22 / 
PERMX 50  13 27   14 14   22 22 / 
PERMX 50  13 23   15 15   22 22 / 
PERMX 50  12 21   16 16   22 22 / 
PERMX 50  11 20   17 17   22 22 / 
PERMX 50  11 18   18 18   22 22 / 
PERMX 50  10 17   19 19   22 22 / 
PERMX 50  10 17   20 20   22 22 / 
PERMX 50  9, 16   21, 21   22 22 / 
PERMX 50  9, 15   22, 22   22 22 / 
PERMX 50  9, 15   23, 23   22 22 / 
PERMX 50  9, 14   24, 24   22 22 / 
PERMX 50  8, 14   25, 25   22 22 / 
PERMX 50  8, 14   26, 26   22 22 / 
PERMX 50  8, 14   27, 27   22 22 / 
PERMX 50  8, 13   28, 28   22 22 / 
PERMX 50  8, 13   29, 29   22 22 / 
PERMX 50  8, 13   30, 30   22 22 / 
 
 
 
 
 
 
/ 
COPY 
'PERMX'  'PERMY' / 
'PERMX'  'PERMZ' / 
/ 
MULTIPLY 
'PERMZ' 0.2 / 
/ 
 
--The PROPS section of the input data contains pressure and saturation dependent properties of 
--the reservoir fluids and rocks. 
 
PROPS 
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--The reference pressure (Pref) for items 2 and 4. 
--The water formation volume factor at the reference pressure, Bw(Pref) 
--The water compressibility 
--The water viscosity at the reference pressure 
--The water “viscosibility” 
 
PVTW       1 TABLES   20 P NODES   20 R NODES    FIELD   14:57  1 NOV 88 
 4000.0000   1.03000   .3000E-05    .40000     .00E+00 / 
 
 
--The reference pressure (Pref). 
--The rock compressibility 
 
 
ROCK       1 TABLES   20 P NODES   20 R NODES    FIELD   14:58  1 NOV 88 
 4000.00      .3500E-05 / 
 
 
SPECROCK 
0.0 25.0 
300.0 25.0 
/ 
0.0 27.0 
300.0 27.0 
/ 
 
 
 
SPECHEAT 
0.0 0.5 1.5 0.5 
300.0 0.5 1.5 0.5 
/ 
 
--PVT properties of dead oil (no dissolved gas) 
--Column 1 The oil phase pressure 
--Column 2 The corresponding oil formation volume factor 
--Column 3 The corresponding oil viscosity. 
 
PVDO       1 TABLES   20 P NODES   20 R NODES    FIELD   14:58  1 NOV 88 
 
400 1.11 1.16 
800 1.1 1.16 
1200 1.09 1.16 
1600 1.08 1.16 
2000 1.07 1.16 
2400 1.06 1.16 
2800 1.05 1.16 
3200 1.04 1.16 
3600 1.03 1.16 
4000 1.02 1.16 
4400 1.01 1.16 
4800 1 1.16 
5200 0.99 1.16 
5600 0.98 1.16 
6000 0.97 1.16 
  
 
/ 
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GRAVITY    1 TABLES   20 P NODES   20 R NODES    FIELD   15:01  1 NOV 88 
 32.0000  1.05000   .70000 / 
 
--RSCONST                                          FIELD   15:01  1 NOV 88 
-- .6560000   2500.0000   / 
 
 
SWOF       1 TABLES   20 NODES IN EACH           FIELD   15:02  1 NOV 88 
--  Sw          Krw             Krow         Pcap 
    0.15 0         1.000000000   0             
    0.20        0.001775148     0.852071006   0 
    0.25 0.007100592 0.715976331   0 
    0.30 0.015976331 0.591715976   0 
    0.35 0.028402367 0.479289941   0 
    0.40 0.044378698 0.378698225   0 
    0.45 0.063905325 0.289940828   0 
    0.50 0.086982249 0.213017751   0 
    0.55 0.113609467 0.147928994   0 
    0.60 0.143786982 0.094674556   0 
    0.65 0.177514793 0.053254438   0 
    0.70 0.214792899 0.023668639   0 
    0.75 0.255621302 0.005917160   0 
    0.80 0.300000000 0.000000000   0 
/ 
 
SOLUTION 
 
--EQUIL      1 TABLES   20 NODES IN EACH           FIELD   14:56  1 NOV 88 
--Equilibration data specification 
--1 Datum depth 
--2 Pressure at the datum depth 
--3 Depth of the water-oil contact 
--4 Oil-water capillary pressure at the water-oil contact 
--5 Depth of the gas-oil contact 
--6 Gas-oil capillary pressure at the gas-oil contact 
  
--1200.00 3000.00 2000.00  .00000  700  .00000     0      0      1* / 
 
 
--RTEMPVD 
--900  140 
--1000 145 
--1100 150 
--1200 155 
--1300 160 
--1400 165 
--1500 170 / 
 
--RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
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--'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' / 
 
--RPTRST 
--BASIC=2 SWAT SOIL PRES / 
 
--RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
--'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' / 
 
RESTART 
rate3 50 / 
 
RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' 'TEMP' / 
 
SUMMARY 
 
 
BTCNFHEA 1 30 1 30 1 40 
/ 
 
FTPCHEA 
/ 
FTICHEA 
/ 
FOE 
--Field (OIP(initial) - OIP(now)) / OIP(initial) 
FWPT 
--Field Water Production Total 
FOPT 
--Field Oil Production Total 
FOPR 
--Field Oil Production Rate 
FOIP 
--Field Oil In Place (in liquid and wet gas phases) 
FWIP 
--Field Water Injection Rate 
WOPR 
--Field Water In Place  
 
/ 
wwpr 
--Well Water Production Rate 
/ 
wwir 
--Well Water Injection Rate 
/ 
wbhp 
--Well Bottom Hole Pressure 
 
/ 
 
FWCT 
--Field Water Cut 
 
WWCT 
--Well Water Cut  
/ 
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FWIR 
--Field Water Injection Rate 
 
FVPR 
--Field Res Volume Production Rate 
 
FVIR 
--Field Res Volume Injection Rate 
 
FVIT 
--Res Volume Injection Total 
 
FVPT 
--Res Volume Production Total 
 
/ 
 
FTPCHEA 
WTPCHEA 
/ Production Temperature 
FTICHEA   
WTICHEA 
/ Injection Temperature 
FTPRHEA 
WTPRHEA 
/ Heat flows (Production) 
FTPTHEA   
WTPTHEA 
/ Heat Production Total 
FTIRHEA   
WTIRHEA  
/Heat flows (Injection) 
FTITHEA   
WTITHEA  
/Heat Injection Total 
FWSAT 
 
 
RUNSUM 
 
SCHEDULE 
 
 
SKIPREST 
 
RPTSCHED                                         FIELD   15:06  1 NOV 88 
   'PRES' 'SWAT' 'RESTART=2' 'FIP=1' 'WELLS=2' 'SUMMARY=2' 'CPU=2' 'WELSPECS'  
   'NEWTON=2' 'TEMP' 'FIPTEMP' 'FIPHEAT' / 
 
 
--The keyword introduces a new well, defining its name, the position of the wellhead, its bottom 
--hole reference depth and other specification data. 
 
--Well name 
--Name of the group to which the well belongs 
--I - location of well head or heel 
--J - location of well head or heel 
--Reference depth for bottom hole pressure 
--Preferred phase for the well 
--Drainage radius for productivity/injectivity index calculation 
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WELSPECS 
'p1      ','g       ',  1,  1,  1200   ,'OIL'  -1.000 / 
'i20     ','g       ', 30,  30,  1200   ,'WAT'  -1.000 / 
/ 
 
 
COMPDAT 
 
--Well completion specification data 
-- 7 Saturation table number for connection relative permeabilities 
-- 8 Transmissibility factor for the connection 
-- 9 Well bore diameter at the connection 
 
'p1      '  1*  1*   1  40 'OPEN'  1*    1*   .583 / 
'i20     '  1*  1*   1  40 'OPEN'  1*    1*   .583 / 
/ 
 
WTEMP 
i20 65.0 / 
/ 
 
 
WCONPROD 
--Control data for production wells 
-- 3  Control mode 
-- ORAT Controlled by oil rate target (Item 4) 
-- WRAT Controlled by water rate target (Item 5) 
-- GRAT Controlled by gas rate target (Item 6) 
-- LRAT Controlled by liquid rate target (Item 7) 
-- CRAT Controlled by linearly combined rate target (Item 19) 
-- RESV Controlled by reservoir fluid volume rate target (Item 8) 
-- BHP Controlled by BHP target (Item 9) 
-- THP Controlled by THP target (Item 10) 
-- 4 Oil rate target or upper limit 
-- 5 Water rate target or upper limit 
-- 6 Gas rate target or upper limit 
-- 7 Liquid rate target or upper limit. 
-- 8 Reservoir fluid volume rate target or upper limit 
-- 9 BHP target or lower limit                                         
 
'p1      ','OPEN','LRAT' 3*  400 1* 200    / 
  
/ 
 
 
WCONINJE     
--Control data for injection wells 
 
--4 Control mode 
-- RATE Controlled by surface flow rate target (Item 5) 
-- RESV Controlled by reservoir volume rate target (Item 6) 
-- BHP Controlled by BHP target (Item 7) 
-- THP Controlled by THP target (Item 8) 
-- 5 Surface flow rate target or upper limit. 
-- 6 Reservoir fluid volume rate target or upper limit. 
-- 7 BHP target or upper limit 
-- 8 THP target or upper limit 
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'i20     ','WAT','OPEN','RATE' 400 1* 4000         / 
/ 
 
 
 
TUNING 
0.1 7 0.1 0.15 3 0.3 0.1 1.25 0.75 / 
 / 
24 1 120 1 25 25 / 
 
TSTEP                                             
 
300*30 
/ 
 
END 
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-- Plug located  closer to the producer, permeability of plug 50 mD, size increased, restart after 200 
months after CWF-- 
RUNSPEC 
TITLE 
XSECTION PROBLEM 
 
DIMENS 
   30    30   40  / 
 
 
 
OIL 
 
WATER 
 
FIELD 
 
--The maximum number of wells in the model 
--The maximum number of connections per well (that is the maximum number of grid blocks connected to any one well) 
--The maximum number of groups in the model 
--The maximum number of wells in any one group (or child groups in a group; keyword GRUPTREE) 
 
TEMP 
 
WELLDIMS 
    2   100    2    1 / 
 
 
START 
   1 'JAN' 1983  / 
 
NSTACK 
   120 / 
 
--The GRID section determines the basic geometry of the simulation grid and various rock 
--properties (porosity, absolute permeability, net-to-gross ratios) in each grid cell. From this 
--information, the program calculates the grid block pore volumes, mid-point depths and interblock 
--transmissibilities 
 
GRID 
 
RPTGRID  
THCONR  TRTHERM / 
 
--The INIT file contains a summary of data entered in the GRID, PROPS and REGIONS sections. 
--If this keyword is included in the GRID section, the program writes out an Initial Data file, 
--containing grid properties and saturation table data, which can be read into the graphics 
--packages 
 
INIT 
 
--This keyword is used to assign or replace the value of a property for a box of cells within the 
--grid. 
 
EQUALS 
'TOPS' 1000   1 30 1 30 1 1 / 
'DX'   10     1 30 1 30 1 30 / 
'DY'   10     1 30 1 30 1 40 / 
'DZ'   10     1 30 1 30 1 40 /   
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'PORO' 0.15   1 30 1 30 1 40 / 
'PERMX' 50    1 30 1 30 1 40 / 
'PERMX' 2000  1 30 1 30 18 22 / 
 
 
PERMX 50  29, 30, 12, 12 18 18 / 
PERMX 50  23, 30, 13, 13 18 18 / 
PERMX 50  21, 30, 14, 14 18 18 / 
PERMX 50  19, 30, 15, 15 18 18 / 
PERMX 50  18, 30, 16, 16 18 18 / 
PERMX 50  17, 30, 17, 17 18 18 / 
PERMX 50  16, 30, 18, 18 18 18 / 
PERMX 50  15, 28, 19, 19 18 18 / 
PERMX 50  15, 25, 20, 20 18 18 / 
PERMX 50  14, 23, 21, 21 18 18 / 
PERMX 50  14, 22, 22, 22 18 18 / 
PERMX 50  13, 21, 23, 23 18 18 / 
PERMX 50  13, 20, 24, 24 18 18 / 
PERMX 50  13, 20, 25, 25 18 18 / 
PERMX 50  13, 19, 26, 26 18 18 / 
PERMX 50  13, 19, 27, 27 18 18 / 
PERMX 50  13, 19, 28, 28 18 18 / 
PERMX 50  12, 18, 29, 29 18 18 / 
PERMX 50  12, 18, 30, 30 18 18 / 
PERMX 50  30, 30, 9, 9, 19 19 / 
PERMX 50  23, 30, 10, 10 19 19 / 
PERMX 50  19, 30, 11, 11 19 19 / 
PERMX 50  17, 30, 12, 12 19 19 / 
PERMX 50  16, 30, 13, 13 19 19 / 
PERMX 50  15, 30, 14, 14 19 19 / 
PERMX 50  14, 26, 15, 15 19 19 / 
PERMX 50  13, 23, 16, 16 19 19 / 
PERMX 50  12, 21, 17, 17 19 19 / 
PERMX 50  12, 20, 18, 18 19 19 / 
PERMX 50  11, 18, 19, 19 19 19 / 
PERMX 50  11, 18, 20, 20 19 19 / 
PERMX 50  11, 17, 21, 21 19 19 / 
PERMX 50  11, 16, 22, 22 19 19 / 
PERMX 50  10, 16, 23, 23 19 19 / 
PERMX 50  10, 15, 24, 24 19 19 / 
PERMX 50  10, 15, 25, 25 19 19 / 
PERMX 50  10, 15, 26, 26 19 19 / 
PERMX 50  10, 14, 27, 27 19 19 / 
PERMX 50  10, 14, 28, 28 19 19 / 
PERMX 50  10, 14, 29, 29 19 19 / 
PERMX 50  9, 14, 30, 30 19 19 / 
PERMX 50  26, 30, 7, 7, 20 20 / 
PERMX 50  21, 30, 8, 8, 20 20 / 
PERMX 50  17, 30, 9, 9, 20 20 / 
PERMX 50  15, 30, 10, 10 20 20 / 
PERMX 50  13, 30, 11, 11 20 20 / 
PERMX 50  12, 30, 12, 12 20 20 / 
PERMX 50  11, 27, 13, 13 20 20 / 
PERMX 50  11, 23, 14, 14 20 20 / 
PERMX 50  10, 21, 15, 15 20 20 / 
PERMX 50  10, 19, 16, 16 20 20 / 
PERMX 50  9, 18, 17, 17 20 20 / 
PERMX 50  9, 17, 18, 18 20 20 / 
PERMX 50  9, 16, 19, 19 20 20 / 
PERMX 50  9, 15, 20, 20 20 20 / 
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PERMX 50  8, 15, 21, 21 20 20 / 
PERMX 50  8, 14, 22, 22 20 20 / 
PERMX 50  8, 14, 23, 23 20 20 / 
PERMX 50  8, 13, 24, 24 20 20 / 
PERMX 50  8, 13, 25, 25 20 20 / 
PERMX 50  7, 13, 26, 26 20 20 / 
PERMX 50  7, 13, 27, 27 20 20 / 
PERMX 50  7, 12, 28, 28 20 20 / 
PERMX 50  7, 12, 29, 29 20 20 / 
PERMX 50  7, 12, 30, 30 20 20 / 
PERMX 50  24, 30, 5, 5, 21 21 / 
PERMX 50  18, 30, 6, 6, 21 21 / 
PERMX 50  15, 30, 7, 7, 21 21 / 
PERMX 50  12, 30, 8, 8, 21 21 / 
PERMX 50  11, 30, 9, 9, 21 21 / 
PERMX 50  10, 30, 10, 10 21 21 / 
PERMX 50  9, 26, 11, 11 21 21 / 
PERMX 50  8, 22, 12, 12 21 21 / 
PERMX 50  8, 20, 13, 13 21 21 / 
PERMX 50  8, 18, 14, 14 21 21 / 
PERMX 50  7, 16, 15, 15 21 21 / 
PERMX 50  7, 15, 16, 16 21 21 / 
PERMX 50  7, 14, 17, 17 21 21 / 
PERMX 50  6, 14, 18, 18 21 21 / 
PERMX 50  6, 13, 19, 19 21 21 / 
PERMX 50  6, 13, 20, 20 21 21 / 
PERMX 50  6, 12, 21, 21 21 21 / 
PERMX 50  6, 12, 22, 22 21 21 / 
PERMX 50  6, 11, 23, 23 21 21 / 
PERMX 50  5, 11, 24, 24 21 21 / 
PERMX 50  5, 11, 25, 25 21 21 / 
PERMX 50  5, 11, 26, 26 21 21 / 
PERMX 50  5, 10, 27, 27 21 21 / 
PERMX 50  5, 10, 28, 28 21 21 / 
PERMX 50  5, 10, 29, 29 21 21 / 
PERMX 50  5, 10, 30, 30 21 21 / 
PERMX 50  28, 30, 2, 2, 22 22 / 
PERMX 50  19, 30, 3, 3, 22 22 / 
PERMX 50  14, 30, 4, 4, 22 22 / 
PERMX 50  10, 30, 5, 5, 22 22 / 
PERMX 50  8, 30, 6,  6, 2 2 / 
PERMX 50  7, 30, 7,  7, 2 2 / 
PERMX 50  6, 23, 8,  8, 2 2 / 
PERMX 50  6, 19, 9,  9, 2 2 / 
PERMX 50  5, 16, 10, 10 22 22 / 
PERMX 50  5, 14, 11, 11 22 22 / 
PERMX 50  5, 13, 12, 12 22 22 / 
PERMX 50  5, 12, 13, 13 22 22 / 
PERMX 50  4, 11, 14, 14 22 22 / 
PERMX 50  4, 10, 15, 15 22 22 / 
PERMX 50  4, 10, 16, 16 22 22 / 
PERMX 50  4, 9, 17, 17, 22 22 / 
PERMX 50  4, 9, 18, 18, 22 22 / 
PERMX 50  3, 9, 19, 19, 22 22 / 
PERMX 50  3, 8, 20, 20, 22 22 / 
PERMX 50  3, 8, 21, 21, 22 22 / 
PERMX 50  3, 8, 22, 22, 22 22 / 
PERMX 50  3, 8, 23, 23, 22 22 / 
PERMX 50  3, 7, 24, 24, 22 22 / 
PERMX 50  3, 7, 25, 25, 22 22 / 
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PERMX 50  3, 7, 26, 26, 22 22 / 
PERMX 50  3, 7, 27, 27, 22 22 / 
PERMX 50  2, 7, 28, 28, 22 22 / 
PERMX 50  2, 7, 29, 29, 22 22 / 
PERMX 50  2, 7, 30, 30, 22 22 / 
 
 
 
 
 
 
/ 
COPY 
'PERMX'  'PERMY' / 
'PERMX'  'PERMZ' / 
/ 
MULTIPLY 
'PERMZ' 0.2 / 
/ 
 
--The PROPS section of the input data contains pressure and saturation dependent properties of 
--the reservoir fluids and rocks. 
 
PROPS 
--The reference pressure (Pref) for items 2 and 4. 
--The water formation volume factor at the reference pressure, Bw(Pref) 
--The water compressibility 
--The water viscosity at the reference pressure 
--The water “viscosibility” 
 
PVTW       1 TABLES   20 P NODES   20 R NODES    FIELD   14:57  1 NOV 88 
 4000.0000   1.03000   .3000E-05    .40000     .00E+00 / 
 
 
--The reference pressure (Pref). 
--The rock compressibility 
 
 
ROCK       1 TABLES   20 P NODES   20 R NODES    FIELD   14:58  1 NOV 88 
 4000.00      .3500E-05 / 
 
 
SPECROCK 
0.0 25.0 
300.0 25.0 
/ 
0.0 27.0 
300.0 27.0 
/ 
 
 
 
SPECHEAT 
0.0 0.5 1.5 0.5 
300.0 0.5 1.5 0.5 
/ 
 
--PVT properties of dead oil (no dissolved gas) 
--Column 1 The oil phase pressure 
--Column 2 The corresponding oil formation volume factor 
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--Column 3 The corresponding oil viscosity. 
 
PVDO       1 TABLES   20 P NODES   20 R NODES    FIELD   14:58  1 NOV 88 
 
400 1.11 1.16 
800 1.1 1.16 
1200 1.09 1.16 
1600 1.08 1.16 
2000 1.07 1.16 
2400 1.06 1.16 
2800 1.05 1.16 
3200 1.04 1.16 
3600 1.03 1.16 
4000 1.02 1.16 
4400 1.01 1.16 
4800 1 1.16 
5200 0.99 1.16 
5600 0.98 1.16 
6000 0.97 1.16 
  
 
/ 
 
 
 
 
 
 
 
  
 
 
 
 
GRAVITY    1 TABLES   20 P NODES   20 R NODES    FIELD   15:01  1 NOV 88 
 32.0000  1.05000   .70000 / 
 
--RSCONST                                          FIELD   15:01  1 NOV 88 
-- .6560000   2500.0000   / 
 
 
SWOF       1 TABLES   20 NODES IN EACH           FIELD   15:02  1 NOV 88 
--  Sw          Krw             Krow         Pcap 
    0.15 0         1.000000000   0             
    0.20        0.001775148     0.852071006   0 
    0.25 0.007100592 0.715976331   0 
    0.30 0.015976331 0.591715976   0 
    0.35 0.028402367 0.479289941   0 
    0.40 0.044378698 0.378698225   0 
    0.45 0.063905325 0.289940828   0 
    0.50 0.086982249 0.213017751   0 
    0.55 0.113609467 0.147928994   0 
    0.60 0.143786982 0.094674556   0 
    0.65 0.177514793 0.053254438   0 
    0.70 0.214792899 0.023668639   0 
    0.75 0.255621302 0.005917160   0 
    0.80 0.300000000 0.000000000   0 
/ 
 
SOLUTION 
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--EQUIL      1 TABLES   20 NODES IN EACH           FIELD   14:56  1 NOV 88 
--Equilibration data specification 
--1 Datum depth 
--2 Pressure at the datum depth 
--3 Depth of the water-oil contact 
--4 Oil-water capillary pressure at the water-oil contact 
--5 Depth of the gas-oil contact 
--6 Gas-oil capillary pressure at the gas-oil contact 
  
--1200.00 3000.00 2000.00  .00000  700  .00000     0      0      1* / 
 
 
--RTEMPVD 
--900  140 
--1000 145 
--1100 150 
--1200 155 
--1300 160 
--1400 165 
--1500 170 / 
 
--RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
--'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' / 
 
--RPTRST 
--BASIC=2 SWAT SOIL PRES / 
 
--RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
--'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' / 
 
RESTART 
rate3 200 / 
 
RPTSOL                                           FIELD   15:06  1 NOV 88 
   -- Initialisation Print Output  
'SWAT' 'RESTART=2' 'FIP=1' 'EQUIL' 'TEMP' / 
 
SUMMARY 
 
 
BTCNFHEA 1 30 1 30 1 40 
/ 
 
FTPCHEA 
/ 
FTICHEA 
/ 
FOE 
--Field (OIP(initial) - OIP(now)) / OIP(initial) 
FWPT 
--Field Water Production Total 
FOPT 
--Field Oil Production Total 
FOPR 
--Field Oil Production Rate 
FOIP 
--Field Oil In Place (in liquid and wet gas phases) 
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FWIP 
--Field Water Injection Rate 
WOPR 
--Field Water In Place  
 
/ 
wwpr 
--Well Water Production Rate 
/ 
wwir 
--Well Water Injection Rate 
/ 
wbhp 
--Well Bottom Hole Pressure 
 
/ 
 
FWCT 
--Field Water Cut 
 
WWCT 
--Well Water Cut  
/ 
 
FWIR 
--Field Water Injection Rate 
 
FVPR 
--Field Res Volume Production Rate 
 
FVIR 
--Field Res Volume Injection Rate 
 
FVIT 
--Res Volume Injection Total 
 
FVPT 
--Res Volume Production Total 
 
/ 
 
FTPCHEA 
WTPCHEA 
/ Production Temperature 
FTICHEA   
WTICHEA 
/ Injection Temperature 
FTPRHEA 
WTPRHEA 
/ Heat flows (Production) 
FTPTHEA   
WTPTHEA 
/ Heat Production Total 
FTIRHEA   
WTIRHEA  
/Heat flows (Injection) 
FTITHEA   
WTITHEA  
/Heat Injection Total 
FWSAT 
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RUNSUM 
 
SCHEDULE 
 
 
SKIPREST 
 
RPTSCHED                                         FIELD   15:06  1 NOV 88 
   'PRES' 'SWAT' 'RESTART=2' 'FIP=1' 'WELLS=2' 'SUMMARY=2' 'CPU=2' 'WELSPECS'  
   'NEWTON=2' 'TEMP' 'FIPTEMP' 'FIPHEAT' / 
 
 
--The keyword introduces a new well, defining its name, the position of the wellhead, its bottom 
--hole reference depth and other specification data. 
 
--Well name 
--Name of the group to which the well belongs 
--I - location of well head or heel 
--J - location of well head or heel 
--Reference depth for bottom hole pressure 
--Preferred phase for the well 
--Drainage radius for productivity/injectivity index calculation 
 
 
WELSPECS 
'p1      ','g       ',  1,  1,  1200   ,'OIL'  -1.000 / 
'i20     ','g       ', 30,  30,  1200   ,'WAT'  -1.000 / 
/ 
 
 
COMPDAT 
 
--Well completion specification data 
-- 7 Saturation table number for connection relative permeabilities 
-- 8 Transmissibility factor for the connection 
-- 9 Well bore diameter at the connection 
 
'p1      '  1*  1*   1  40 'OPEN'  1*    1*   .583 / 
'i20     '  1*  1*   1  40 'OPEN'  1*    1*   .583 / 
/ 
 
WTEMP 
i20 65.0 / 
/ 
 
 
WCONPROD 
--Control data for production wells 
-- 3  Control mode 
-- ORAT Controlled by oil rate target (Item 4) 
-- WRAT Controlled by water rate target (Item 5) 
-- GRAT Controlled by gas rate target (Item 6) 
-- LRAT Controlled by liquid rate target (Item 7) 
-- CRAT Controlled by linearly combined rate target (Item 19) 
-- RESV Controlled by reservoir fluid volume rate target (Item 8) 
-- BHP Controlled by BHP target (Item 9) 
-- THP Controlled by THP target (Item 10) 
-- 4 Oil rate target or upper limit 
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-- 5 Water rate target or upper limit 
-- 6 Gas rate target or upper limit 
-- 7 Liquid rate target or upper limit. 
-- 8 Reservoir fluid volume rate target or upper limit 
-- 9 BHP target or lower limit                                         
 
'p1      ','OPEN','LRAT' 3*  400 1* 200    / 
  
/ 
 
 
WCONINJE     
--Control data for injection wells 
 
--4 Control mode 
-- RATE Controlled by surface flow rate target (Item 5) 
-- RESV Controlled by reservoir volume rate target (Item 6) 
-- BHP Controlled by BHP target (Item 7) 
-- THP Controlled by THP target (Item 8) 
-- 5 Surface flow rate target or upper limit. 
-- 6 Reservoir fluid volume rate target or upper limit. 
-- 7 BHP target or upper limit 
-- 8 THP target or upper limit 
                                      
 
'i20     ','WAT','OPEN','RATE' 400 1* 4000         / 
/ 
 
 
 
TUNING 
0.1 7 0.1 0.15 3 0.3 0.1 1.25 0.75 / 
 / 
24 1 120 1 25 25 / 
 
TSTEP                                             
 
300*30 
/ 
 
END 
 
